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ANOTHER 


The same qualifications that make a pioneer and leader : 


—vision, initiative, resources, facilities and organization 
experience—naturally enable that company to give 
values second to none. In its chosen field, Baxter inter- 
prets value to include highest quality. 
To maintain the unexcelled quality of Baxter’s Paren- 
teral Dextrose and Saline Solutions is of first impor- 
tance. They must be pure, pyrogen-free, uniform, stable 
—in every sense, safe. Over a period of years Baxter 
has perfected a complete series of 21 tests—chemical, 
bacteriological and biological—which, when double 
checked and correlated, “bracket”’ every material and 
process that go to make up Raxter’s Solutions in the 
distinctive VACOLITER, with its exclusive visible index 
of vacuum. 

Because of the human values that depend upon the 
uniform perfection of Parenteral Solutions, Baxter re- 
quires that every batch pass every test under a rigorous 
routine of inspection. 


PRODUCTS OF * 


BAXTER LABORATORIES 


Glenview, Ill.; College Point, N. Y.; Glendale, Cal.; Toronto, Canada; London, England 
Produced and distributed on the Pacific Coast by Don Baxter, Inc.: Glendale, Cal. 


One of a Series on the 
Progress of Intravenous 
Infusion and Blood 


CHICAGO ® A M E RK. 


RESPONSIBILITY OF LEADERSHIP 


In supplying the profession with the Baxter TRANS- 
FUSO-VAC and its accessories — the accepted new tech- 
nique for blood transfusion— the same rigid standards 
as to quality, inspection and aseptic procedure at all 
times obtain. Like all other Baxter solutions, the 
Solution used in this technique—214% Sodium Citrate 
in Physiological Solution of Sodium Chloride*—is safe- 
guarded by Baxter’s 21-test, double-check system. 


So, too, the design of the TRANSFUSO-VAC provides a 


‘complete single-unit technique of indirect transfusion— 


Drawing, Filtering, Storing, Transporting and Infusing 
—that bridges time and space with unbroken asepsis. 


Upon the long standing safety record of Baxter’s Solu- 
tions and Transfusion equipment—proved in the daily 
routine of thousands of hospitals —every user may 
rely with complete confidence. 


ACCEPTED 


On request, professional 
bulletins discussing 


Transfusion. ‘ : 
Distributed East of the Rockies by Seiutione ced the 


I C A N ® NEWYORK 


HOSPITAL SUPPLY CORPORATION 
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tion, $10.00 U.S. A.; $11.00 Canada, $12.C0 Forergn. Single Numbers $2,00; Special Numbers $4.00. Ertered as second class matter August 28, 1926, at 
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THE EXCLUSIVE DAVIS & GECK 


Claustro-Thermal Process 


HE extra factor of safety provided by 

Claustro-thermal sterilization derives 
from the sound premise on which it is 
based — that the most logical time to steri- 
lize a suture is after it has been sealed 
within its glass tube. 

Development of the Claustro-thermal 
process, permitting the application of this 
principle to catgut, has long been con- 
sidered a most significant advance in suture 
preparation. Under this method the suture 
tubes are hermetically sealed and then sub- 
jected to intensive heat sterilization. 


This process has withstood the test of 
time and the challenge of compromise pro- 
cedures. Bacteriologists universally agree 


REGISTERED TRADE MARK 


that no method of open or semi-open tube 
sterilization offers comparable security and 
that no technic depending on cotton plugs 
or similar devices affords the protection of 
glass, sealed at all times — before, during 
and after sterilization. 

Additional advantages of Claustro-ther- 
mal sutures are: complete and permanent 
stability . . . freedom from excess mois- 
ture and other causes of knot slippage or 
depreciation in strength . . . controllable 
flexibility and ease of handling. 

The tubes may be boiled, autoclaved or 
treated by non-boilable technic, as pre- 
ferred, for outer surface asepticization. 


DAVIS &§ GECK, INC. 
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NOTE: In agreement with the new U.S. P. nomenclature, catgut products 
formerly known as Plain, 10-day, 20-day, and 40-day, are now designated as 


Plain—type A 
Mild chromic — type B 


Medium chromic — type C 
Extra chromic—type D 


THERE HAS BEEN NO CHANGE IN THE PRODUCTS THEMSELVES 


Claustro-thermal Catgut 


POSSESSES all the qualities essential to 
proper function and is adaptable to all con- 
ditions and technics. The tubes may be 
boiled or autoclaved for asepticization of 
their outer surface or treated germicidally. 

This catgut offers the additional safety 
factor of CLAUSTRO-THERMAL® sterili- 
zation —an exclusive D«G process wherein 
heat, at temperatures lethal to the most 
resistant spores and organisms, is applied 
AFTER the suture is hermetically sealed in 
its glass tube and thus fully protected. 


LENGTH 


NO. in excess of SIZES 
1205 Plain—type a 54” §-0to 4 
1225 Mildchromic—typesp 54” 4-0 to 4 
1245 Medium ** —typec 54” 4-0 to 4 
1285 Extra <‘* 54” 4-0 to 4 
Package of 12 tubes of a kind $ 3.60 


Thermo-flex Catgut 
FLEXIBILITY is the feature of this 


catgut. Ready for use as it comes from the 
tubes, it requires no special preparation. 
Though of the THERMO-FLEX,* non- 
boilable, type, there is no compromise in 
sterility. It is sterilized by HEAT at temper- 
atures exceeding the most rigid bacterio- 


logic requirements. 
LENGTH 


NO. in excess of SIZES 
1405 Plain—type a 54” 5-0 to 4 
1425 Mildchromic—types 54” 4-0 to 4 
1445 Medium ** —typec 54” 4-0 to 4 
1485 Extra ‘* —typepd 54” 4-0 to 4 
Package of 12 tubes of a kind $ 3.60 


Kal-dermic Sutures 


KAL-DERMIC* represents the culmina- 
tion of eight years’ research to perfect a 
skin and tension suture combining the best 
features,while eliminating the disadvantages 
of silkworm gut, horsehair, silk and several 
synthetic products variously named. 
Kal-dermic is completely stable. It is 
highly resistant to tissue fluids and germi- 
cides; its color is permanent under all con- 
ditions; and the strand may be repeatedly 
boiled or autoclaved without impairment. 


KAL-DERMIC SKIN SUTURES 


In tubes, sterilized 
(Twelve tubes to a box) 


NO. NEEDLE LENGTH SIZES PER BOX 
550 None 2 x 60” 4-0 t0O0 $3.60 
953 %-circle 20” 000,00 0 3.00 
954  Half-curved 20” 000,00 0 3.00 
852 None 40” 8-0, 6-0, 

4-0 too 1.80 
On reels, unsterilized NET, PER 


(Ten reels to a box) DOZ. BOXES 


50 None 190” ©0000 $10.50 
000 611.64 

00 612.60 

Oo 14.40 


KAL-DERMIC TENSION SUTURES 


In tubes, sterilized 


(Twelve tubes to a box) PER BOX 


555 None 60” 1to4 $3.60 
855 None 20! 
On reels, unsterilized NET, PER 
(Ten reels to a box) DOZ. BOXES 
55 None 190” I $17.40 
2 20.16 

22.80 


DISCOUNTS ON QUANTITIES 


* D&G Registered Trade Mark 
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Fine- gauge Catgut 
A CHROMIC suture of exceedingly fine 
diameter which facilitates accurate appo- 
sition and provides prolonged retention 
with a marked reduction in trauma and 
virtual absence of reaction. 


CLAUSTRO-THERMAL 


No. NEEDLE SIZES DOZEN 
50341 Straight 28” 5-0 $3.60 
50344 Half-circle 28” 5-0 4.20 
50245 None 54” 5-0 3.60 
40341 Straight 28” 4-0 3.60 
40344 Half-circle 28” 4-0 4.20 
40245 None se” 4-0 3.60 

THERMO-FLEX 
50541 Straight 28” 5-0 $3.60 
50544 Halt-circle 28” 5-0 4.20 
50445 None 54” 5-0 3.60 
40541 Straight 28” 4-0 3-60 
40544 Half-circle 28” 4-0 4.20 
40445 None 54” 4-0 3.60 


Packages of 12 tubes of a kind and size 


Anacap Silk 


NEW principles of fabrication provide 
Anacap® silk with unprecedented strength, 
knot security, and absolute non-capillarity. 


NO. LENGTH SIZES DOZEN 
A40 40” 8-0, 6-0, 4-0 to 4 $1.80 
2x 60” 8-0, 6-0, 4-0 to 4 = 3.60 


Packages of 12 tubes of a kind and size 


-Unabsorbable Sutures 


NO. MATERIAL LENGTH SIZES 
350 Celluloid-linen 60” 000, 00,0 
360 Horsehair 6 x 28” 00 
390 White silkworm gut 6 x 14” 00,0, I 
400 Black silkworm gut 6x 14” 00, O, I 
450 White twisted silk 60” 000 to 3 
460 Black twisted silk 60” 000 to 2 


480 White braided silk 60” 00,0, 2,4 
Packages of 12 tubes of a kind $ 3.60 


Emergency Kit Sutures 
THREADED on half-curved or %-circle 


eyed needles with cutting edges for skin, 
muscle, or tendon. Heat sterilized in glass 
tubes which may be either boiled or sub- 
mersed in any active germicidal solution to 
asepticize their outer surface. 


EMER gency 
ture 


WITH HALF-CURVED NEEDLES 


LENGTH 
NO. MATERIAL in excess of SIZES 


go4 Plain—type a catgut 18” 00 to 3 
Mildchromic—types 18” 00 to 3 
924 Mediumchromic—typec 18” 00 to 3 


954 Kal-dermic 20” 000, 00,0 
964 Horsehair 2 x 28” 00 
974 Whitesilkworm gut 2x14” 00, oO 
984 White twisted silk zo” 000, 0, 2 
Anacap silk 000, 0, 2 


goo Assorted: Catgut, Silk, and Kal-dermic 


WITH %-CIRCLE NEEDLES 


go3  Plain—type a catgut 18” 00 to 2 
923 Medium chromic—typec 18” 00 to 2 
953 Kal-dermic 20” 000, 00, 
963 Horsehair 2 x 28” oo 
973 Whitesilkworm gut 2x14” 


983 White twisted silk 20” 000, 0, 2 
985 Anacap silk z0” 000, 2 
930 Assorted: Catgut, Silk, and Kal-dermic 


Packages of 12 tubes of a kind $ 3.00 


Other D & G Sutures 
IN ADDITION to the foregoing a wide 


variety of suture-and-needle combinations 
is available for intestinal, thyroid, tonsil, 
eye, harelip, cleft palate, plastic, nerve, 
artery, obstetrical, circumcision, ureteral, 
renal and dental surgery. A complete list 
of sizes, lengths, needle combinations, etc. 
will be supplied on request. 


DISCOUNTS ON QUANTITIES 


DeG Registered Trade Mark 


Copyright 1940 Davis & Geck, Inc. Printed in U.S. A. 
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ASPAR STROMAYR (4.1557) 

The discovery of Practica Copiosa, 
hidden for nearly four centuries in the 
Municipal Library at Lindau, Bodensee, 
revealed Stromayr’s efforts to supplant 
market place charlatanism with practical 
therapeutics. Through some 150 colored 
illustrations and accompanying text, the 
manuscript covers a remarkable range of 
surgical work, emphasizes the importance 
of reliable instruments and suture ma- 
terials, and demonstrates unusually high 
standards of technic and ethics. 


D&G Sutures 


“THIS ONE THING WE DO” 


PAVIS & 
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“ay, alloy being used in bone surgery 


VITALLIUM 


SURGICAL APPLIANCES 


nails, screws, 
plates, hip caps and special appli- 
ances have an authentic operative 
and clinical success that is without 
parallel in the internal fixation of 
fractures. 

Order through your dealer 


*Campbell, W. C. and Speed, J. S., Annals of Surgery, 
110-1. July, 1939. + Berry, H. C., Journal of Arkansas 
State Dental Association, 10-2. June, 1939. + Strock, A. 
E., American Journal of Orthodontics & Oral Surgery, 
25-5. May, 1939. + Doherty, W. B., American Journal of 
Ophthalmology, 22-4. April, 1939. + Smith-Petersen, M. 
N., The Journal of Bone & Joint Surgery, 21-2, April, 
1939. + Claflin, R. S., American Journal of Orthodontics 
& Oral Surgery, 25-1. January, 1939. + Hopkins, H. H. 
and Zuck, F. N., Medical Bulletin of Veterans’ Adminis- 
tration, 15-3. January, 1939. + Venable, C. S. and Stuck, 
W. G., Journal of American Medical A iation, 11-15. 
October 8, 1938. 


AUSTENAL LABORATORIES, Ine. 
NEW YORK ° CHICAGO 
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PROSTIGMIN ROCHE’ 


The acceptance of Prostigmin preparations by the Council on Pharmacy and Chemistry has 
stimulated widespread interest in the use of Prostigmin Methylsulfate 1:4000 as a routine measure 
for the prevention of postoperative distention. Thus, for many a surgical patient, the postoperative 
course has been free from distention and even minor gas-pains. © Harger and Wilkey, “Manage- 
ment of Postoperative Distention and Ileus, "J.A.M.A., 1938, 110:1165-1168, come to the following 
conclusions from a study of 175 cases: “We have found in Prostigmin a very satisfactory method 
of controlling postoperative distention. No signs of drug intoxication were seen, nor were by- 
effects on the eye observed. There was no obvious evidence of hyperperistalsis and no complaints 
of excessive cramps. © Prostigmin Methylsulfate 1:4000 (dimethyl-carbamic ester of 3-hydroxy- 
phenyl-trimethyl-ammonium methylsulfate) 1 cc, boxes of 12 and 100 ampuls, blue label. 
HOFFMANN-LA ROCHE, INC. * ROCHE PARK «+ NUTLEY * NEW JERSEY 
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THE AMERICAN JOURNAL OF SuRGERY does not hold itself responsible for any 
statements made or opinions expressed by any contributor in any article pub- 
lished in its columns. 

Articles are accepted for publication with the understanding that they are 
original contributions never previously published. All manuscripts are subject 
to editorial modification, and upon acceptance become the property of The 
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Preparation of Manuscripts 


Text. Manuscripts are to be typewritten, on one side of the paper, with double 
spacing and good margins. The original should be sent to the editor and a carbon 


copy retained by the author. 


Illustrations. Illustrations must be in the form of glossy prints or drawings in 
black ink (never in blue). On the back of each illustration the figure number, 
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PuaneurF, Louis E. Indications and technique. Am. J. Surg., 25: 446, 1937. 


The author should always place bis full address on bis manuscript. 
The subscription price of THE AMERICAN JOURNAL OF SURGERY is $10.00 per year in ad- 
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numbers $2.00. All special numbers $4.00. Prices for such back numbers as are available 
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MALLINCKRODT 


) One word sums up the reason for the use of Mallinckrodt 
Anesthetics in millions of operations. And that word is depend- 
ability. Made with the realization that life may depend upon 
their safety and efficiency, Mallinckrodt Anesthetics, at every 
step in the process of manufacture, undergo a host of checks 
and refinements. The finished product is subjected to exacting 
chemical analysis. Science is king and commands the highest 
degree of purity and uniformity. Packaging of Mallinckrodt 
Anesthetics has kept pace with the numerous improvements 
made in the products. Typical of this all-around excellence is... 


MALLINCKRODT ETHER for Anesthesia... 


Other Mallinckrodt Products That Go Hand 
In Glove with Surgery— 

@ Procaine Hydrochloride 

Cyclopropane* 

® Paraldehyde U.S.P. XI 

© Chloroform for Anesthesia 


MALLINCKRODT 
CHEMICAL WORKS 


St.Louis Chicago NewYork Philadelphia *Cyclopropane (Mallinckrodt) may also be obtained through 
the various offices of the Puritan Compressed Gas Corporac 
Montreal - Toronto tion of Kansas City. 
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A Superior Removable Suture 


HIS dispensing box, designed for non-sterile Zytor 

Sutures, was developed to meet hospital demand. 

Surgeons have been quick to recognize Zytor’s many in- 

herent qualities as a skin and “stay” suture. These advan- 

tages include: (1) Remarkably well tolerated in tissue, 

with very little foreign body reaction. (2) Plastic and pli- 

able when wet or dry. (3) Uniform in tensile strength. (4) 

2 Tissues cannot infiltrate into this single filament strand 

during the healing process. (5) Uniform in size. (6) Non- 
capillary and chemically inert to all body fluids. 


urit 
od Desired lengths of Zytor Sutures can be drawn freely from 


-§ U T U R E. S this dispensing container and cut off—the remaining mate- 
rial is kept clean and protected inside the box. 


Zytor Sutures are easily sterilized by boiling or autoclav- 
ing, according to the directions appearing on the box. 


LEWIS MANUFACTURING CO. 
Division of THE Kenpatt Company, Walpole, Mass. 


FOR THE SURGEON’S TECHNIQUE ... THE PATIENT’S RECOVERY 


In Answering Advertisements please mention The American Journal of Surgery 


| 
q 
| SINGLE FILAMENT 
i 
4 


Vill 


Ampoules ‘Metyeaine’ 10 Percent 
For Spinal Anesthesia 


Solution of ‘Metycaine’ (Gamma-[2-methyl-piperi- 


dino]-propyl Benzoate Hydrochloride, Lilly) in spinal 


fluid is heavier than spinal fluid alone, a property 
which facilitates control of the level of penetration of the anesthetic along the 
cord. ‘Metycaine’ can be depended upon for prompt and sustained effect in 


all fields of regional anesthesia. 


: ELI LILLY AND COMPANY 


PRINCIPAL OFFICES AND LABORATORIES * INDIANAPOLIS, INDIANA, U.S.A. 
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A CONVENIENT, 


SAFE ANTACID FOR THE AMBULATORY PEPTIC ULCER PATIENT 


Each Amphojel Tablet 
produces the antacid effect of about two teaspoonfuls of 


AMPHOJEL 


Wyeth's Alumina Gel 


Outstanding clinical results have been 
obtained with Amphojel, Wyeth’s Alu- 
minum Hydroxide Gel, in the treatment 
of hyperacidity and peptic ulcer. 


Amphojel Tablets are offered as a con- 
venient supplement to Amphojel therapy 
in treating ambulatory patients. Each 
Amphojel Tablet contains the equiva- 
lent of 10 grains of hydrated alumina 
—Alo(OH)g¢ and produces the antacid 


Amphojel Tablets 
Supplied in boxes of 60 
Tablets at all pharma- 
cies. 

Amphojel Liquid 
Supplied in 12 ounce 
bottles. 


effect of about two teaspoonfuls of liquid 
Amphojel. 


Amphojel Tablets safely reduce gastric 
acidity without danger of alkalosis or 
“secondary acid rise.” Amphojel Liquid 
and Tablets contain neither alkali nor 
alkaline earths. They are not absorbable. 
The prominent features of this modern 
treatment are—Prompt Relief of Pain— 
Rapid Healing of Ulcer and Safety. 


Amphojel Tablets do not 
bear any identifying mark, 
but are scored for conven- 
ience in prescribing divided 
doses. Each tablet is indi- 
vidually sealed in moisture 
proof cellophane. 


One-half or one tablet five 
or six times daily between 
meals and on retiring. 


JOHN WYETH & BROTHER, INCORPORATED ® PHILADELPHIA, PA. 
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Price ail Improved Design for 
$175.00 Heavy Duty Hospital Work 


his unusually efficient unit was designed by Dr. O. J. Printz 
of Kansas City, to meet the great need of surgeons for a suction pump built 
low so that it can be wheeled to any position desired without interfering 
with the surgeon or his assistants, and one with such an extra capacity 
vacuum bottle that it does not require frequent emptying. It is equipped 
with a regulating valve to check negative pressure, the rotary compressor is 
concealed, the motor is noiseless, and the entire apparatus is explosion-proof 
and fire-proof. Send for descriptive circular giving complete details. 


Sold Only Nhrough Surgical Supply Dealers 


. SKLAR MANUFACTURING COMPANY “@ 
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In Answering Advertisements please mention The American Journal of Surgery 


: 
Ale 
\| | JE | 
: 
j 
ER 
| 
gor, 
|\ 
= 


RADIOGRAPHIC 


HERE you have the reason why so 

manyvalue-wise medical men have 
selected the Model R-39 Unit. They 
found in it all of the qualities they 
required in their x-ray equipment— 
it packs real power, produces excel- 
lent radiographic results, and requires 
but a nominal investment. 


It’s sound business practice to “in- 
vestigate before you invest” and G-E 
doesn’t ask that you accept mere 
claims about the worth of the R-39. 
Rather, we urge you to get the facts 
about its wide range of service; its 
radiographically-calibrated, efficient 
transformer; its easy-to-operate, ac- 
curate control. 


Investigate its record of satisfactory 
performance and dependability—a 
record which assures you that owning 
a moderately-priced R-39 will prove 
a sound, economical investment. Find 
out, too, why the Model R-39 so com- 
pletely meets the needs of discrimi- 
nating buyers. Get full information 
about the extra value that this modern 
unit’s exclusive features give you. Just 
sign and mail the convenient coupon, 
today. 


GENERAL @ ELECTRIC 
X-RAY CORPORATION 


2012 JACKSON BiVD. CHICAGO, U. S$. a 


Please send me complete information about the G-E Model 
R-39 100 Milliampere Combination X-Ray Unit. 
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BARD-PARKER 
_ FORMALDEHYDE GERMICIDE 


also serves to protect the factory-new char- 
- acteristics of keen cutting edges and delicate 
precision instruments from rust or corrosion 

during their preoperative preparation. 


Rapid destruction of non-sporulating organ- 
isms and dependable germicidal activity 
against highly resistant spores.* Bactericidal 
effectiveness maintained in the presence of 
blood protein and tissue exudate. Chemically 
stable. An efficient, practical and economical 
disinfecting medium that prolongs the useful 
life of instruments . . . safeguards the sur- 
geon’s instrument investment. 

*Surgery, Gynecolooy & Obstetrics, 1939. 69, 738-7hk. 
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amino-|-hydroxynaphthalene 3,6-disulfonate 


HOW SUPPLIED: For parenteral administration: Neoprontosil 2.5 per cent solution, 
ampules of 5 cc., boxes of 5 and 50; ampules of 10 cc., boxes of 5; bottles of 50 cc. 
with rubber diaphragm stopper. 
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WINTHROP CHEMICAL COMPANY, INC. 


Pharmaceuticals of merit for the physician 
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Types of Flaps for 
Stomach 


By Stomach approached 
thru midline incision 
from ensiform to 
urnbilicus. Allis 
clamps placed at 
angles of two inch 
| Square for Depage 
| flap. Serous and 


Stom.tube trans- 
muscular coats planted into abdom. 
cut with knife, . incision or left 
mucosa with scissors — rectus stab-wound 
Spivack's Modification: "Tubovalvular Gastrostomy™ 

oe Flap doubled at base, 

forming valve" 


Stomachs - includes ‘post or wall) 


 Seromuscular suture 


Partipilo’s method for _ 
Dupo) forming valve with circular 


layer of Lembert stitches 


OPERATIVE PROCEDURE— PLATE NO. 107--COPYRIGHT 1940, JOHNSON & JOHNSON 


Gastrostomy (Dépage-Janeway) 


For the above work, we suggest Johnson & Johnson Arterial Sutures. They are black silk, 

threaded on straight or half-curved needle. One size, 00000, 36 inches long, sterile, in tubes, 

in mineral oil preserving fluid. The Johnson & Johnson line of ligatures and sutures embraces 

a wide selection for all normal requirements. A complete descriptive folder may be had upon 
request to the Ligature Department. 
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The test of fitness of an ether for sur- 
gical anesthesia lies not in the labora- 
tory alone, but in its ability to carry the 
patient safely through the period of 
anesthesia, and with a minimum of post- 
operative discomfort. Squibb Ether has 
met that test millions of times. 

Squibb Ether is used by surgeons and 
anesthetists in over 85 per cent of 
American hospitals. It is the only ether 
packaged in patented, copper-lined con- 
tainers as a protection against Oxidation 
—the only ether with a background 
of 87 years of satisfactory clinical 
experience. 


For literature address the Anesthetic Division, 
E. R. Squibb & Sons, 745 Fifth Ave., N. Y. 


ETHER 


In Answering Advertisements please mention The American Journal of Surgery 


4 


NEW SERIES, VOL. XLIX 


JULY, 1940 


NO. | 


Copyright, 1940 by The American Journal of Surgery, Inc. 
A PRACTICAL JOURNAL BUILT ON MERIT 


EDITORIAL 


OUR COATS ARE OFF 


S this is being written the world is 
topsy-turvy. The Allies have evacu- 
ated successfully their troops from 

Flanders—a historical military feat under 
the circumstances. Italy is expected to de- 
clare war any minute.* The Germans have 
closed in on Paris. What Turkey will do 
is conjectural. The President has asked for 
and has been voted about $5,000,000,000 
for defense. He has asked permission to call 
out the National Guard. A United States 
cruiser Is on its way (a good will gesture) to 
Uraguay. Things are moving fast; everyone 
senses a great ground-swell of indignation 
against bandit countries, and the con- 
viction obtains that we must prepare, that 
we must get so tough we will be respected 
and feared no matter what the cost. All of 
this no doubt will be old news when you 
read it. Less than two months ago the 
Germans invaded Norway and now it 
seems so long ago, so far in the distant 
past. 

In H. I. Phillips’ column in The Sun 
(New York) on May 31st, was the heading, 
“What America Needs Besides 50,000 
Planes.”’ This columnist has listed various 
moral characteristics that should permeate 
each citizen, while the nation is strengthen- 
ing itself for the defense and well-being of 
those citizens. We quote in part: 


*They did on June 10, 1940. 


“A realization that expediency, crafti- 
ness, artful dodging, compromise, an eager 
eye for the main chance and the spirit of 
every-man-for-himself have played too 
great a part in American life. 

“Some appreciation of the fact that 
liberty is more than a word in a song, a 
reference in a newsreel or a free-wheeling 
device perpetuated by radio speeches and 
an ability to memorize the first two lines of 
the national anthem. 

“*A little more respect for the ancient 
truths, the lessons of history and the word 
of God. 

“A realization by all hands that man 
owes a lot more to his country than his 
country owes to him. 

“‘A return to the old-time standards of 
character that make it easy for a man to 
become indignant over corruption, come to 
a boil over injustice and get fighting over a 
wrong. 

“Elimination of ‘gimme-gimme’ as the 
two most important words in English. 

‘A return to the faith of our fathers, to 
the teachings of Holy Writ and the impulse 
in all crises to turn to God in humility in- 
stead of to politicians in panic. 

_ “A realization that when your country is 
in danger, and part of your job is helping to 
meet it, the main question shouldn’t be 
‘How much do I get—and will the hours be 
short?’ 
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““Some appreciation of the fact that in a 
grave crisis involving the nation in war, It Is 
not unethical, unconstitutional or bad 
social practice to sweat on the job.” 

Many of us can take the above to 
heart. 

The medical profession will do its part in 
these trying times. It is proud and envious 
of its past deeds and record and will repeat 
those sacrifices for the nation’s good. It will 
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put aside until calmer and more peaceful 
times its minor economic problems; it will 
take off its coat and pitch in and work and 
sweat; and it will give of its knowledge and 
skill to the nth degree without quibbling or 
questioning. Physicians with few excep- 
tions love, and stand ready to do and give 
without stint to their country—the United 


States. 
T.S. W. 


DR. FRED $8. ALBEE DOUBLY HONORED 


The American Journal of Surgery wishes to express its felicita- 
tions to Dr. Fred S. Albee, a well-known orthopedic surgeon, for 
the double honor conferred upon him. 

At the recent meeting of the International College of Surgeons, 
Dr. Albee was elected president for the ensuing year. This organiza- 
tion was founded in Geneva, Switzerland, and is composed of 


eminent surgeons the world over. 


In addition, Rutgers University bestowed upon Dr. Albee the 
Honorary Degree of Doctor of Science in recognition of the pioneer 
work which he has done in the fields of bone surgery and rehabilita- 
tion, and as a tribute to him for twenty-one years of service as 
chairman of the Rehabilitation Commission in developing this 
service for the physically handicapped and crippled in the State 


of New Jersey. 


T.S. W. 
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TUBAL PREGNANCY*+ 


A STUDY OF CASES WITH EMPHASIS ON DIAGNOSIS AND ON BLOOD LOSS IN 
RELATION TO SHOCK SYMPTOMS 


KeirH W. WoopuHousg, M.D. 


CEDAR RAPIDS, IOWA 


HIS study of tubal pregnancy has 

been undertaken with several objec- 

tives: To correlate the various ideas 
on etiology and pathology as expressed by 
different writers on the subject; further to 
clarify diagnosis of this condition so aptly 
referred to by Dannreuther! as an 
“enigma’’; and to analyze the clinical evi- 
dence of shock in relation to blood loss in 
order to determine whether hemorrhage 
alone is responsible for the distressing shock 
picture characterizing the more tragic cases 
of tubal pregnancy. Recent available Amer- 
ican literature has been reviewed and a 
careful analysis of seventy-three consecu- 
tive cases of tubal pregnancy seen and 
operated at the Guthrie Clinic and Robert 
Packer Hospital between June 30, 1927 and 
April 30, 1938, has been made. 


EARLY HISTORY 


There is no evidence that ectopic preg- 
nancy was known as such to the ancient 
Greeks or Romans. Albucasis, an Arabian 
about the year 1050 A.D. described a con- 
dition which was apparently an extra- 
uterine pregnancy. This was the first 
recorded case. 

Scheffey, Morgan and Stimson,” in an 
interesting article on ectopic pregnancy, 
stated that in 1851 Charles D. Meigs, then 
Professor of Midwifery and Diseases of 
Women and Children in Jefferson Medical 
College, described with great accuracy the 


clinical picture in a series of cases of rup- 
tured ectopic pregnancy, but went on to 
say: ““What, alas, can we do in these cases? 
We could make an incision in the abdomen 
and clear away the coagula and the serum; 
but who is he bold enough to do so?... . 
Nothing remains for us but to extend all 
the relief within the narrow boundaries of 
our power and calmly await and submit to 
the inevitable end.” In view of our present 
conception of this condition, it is not sur- 
prising that the mortality at this period 
under palliative treatment was variously 
reported as 77.2 per cent in Parry’s series 
of 500 cases in 1876, to 86.6 per cent re- 
ported on 121 cases by Schauta. The 
surgical treatment of ectopic pregnancy 
was initiated by the first operation for the 
condition described by Dr. John Bard of 
New York, December 25, 1859 and estab- 
lished twenty-four years later by Lawson 


Tait, who, in 1883, reported a series of 


forty cases treated surgically with but one 


death. 


INCIDENCE 


The incidence of ectopic pregnancy is 
difficult to establish for a number of rea- 
sons. Births, but not abortions or ectopics, 
are recorded by the United States Census 
Bureau. The condition is one which is 
handled by obstetricians, gynecologists and 
general surgeons alike, and therefore not 
all cases fall in the records of one depart- 


* Thesis submitted to the Faculty of Surgery of the Graduate School of Medicine, University of Pennsylvania in 
partial fulfillment of the requirements for the degree of M. Sc. (Med.) for graduate work in surgery. 
+ Cases from Guthrie Clinic and Robert Packer Hospital, Sayre, Pennsylvania. 
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ment. Hospital incidence varies according 
to the location and type of the hospital 
whether in an urban or a rural locality and 
whether general or strictly gynecologic. 
Von Graff and Brown? felt it was safe to 
say that more than 10,000 cases occur 
annually in this country. The hospital inci- 
dence has been variously computed. Urdan‘ 
reported 1.5 per cent incidence in gyneco- 
logical department cases at Mt. Sinai 
Hospital, New York. Koster and Sheinfield® 
computed an incidence of slightly over 
1 per cent of 6,581 laparotomies performed 
on a general surgical service at Crown 
Heights Hospital, Brooklyn, New York. 

Perhaps the incidence would be better 
expressed in relation to the number of 
pregnancies admitted. On this basis, James 
and Lafferty’ reported from Hahnemann 
Hospital, Philadelphia, 103 ectopics during 
a five-year period when 7,478 cases of term 
pregnancy, 254 miscarriages and 892 abor- 
tions were seen. This is an incidence of one 
in sixty-five pregnancies. Miller’ reported 
during a similar five-year period fifty-four 
extra-uterine pregnancies to 7,452 abor- 
tions, miscarriages and full-term preg- 
nancies, or an incidence of 1 to 136. It 
seems likely that both of these figures are 
high, since most ectopics are hospitalized 
sooner or later, while many abortions and 
pregnancies are treated entirely outside of 
a hospital. Schumann® has made the most 
careful study of this phase of the subject. 
By a comparison of the admissions to all 
hospitals in Philadelphia and the gross 
figures for births registered in that city, 
and after arbitrary correction of these 
figures, he computes the incidence at about 
1: 300. 


ETIOLOGY AND PREDISPOSING FACTORS 


It is evident in consideration of the 
etiology of tubal gestation that abnormal 
conditions in either one or both of two 
anatomic elements must be present; the 
salpinx, through which the ovum passes to 
reach the endometrial cavity, is changed 
anatomically or physiologically or there is 
some abnormality in the structure or be- 
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havior of the ovum itself, leading to an 
ectopic implantation. There is no evidence 
that the only other possible anatomic unit 
involved, the spermatazon, is a factor, ex- 
cept possibly in maldevelopment of the 
ovum. 

On the basis of this generalization, the 
various etiologic factors suggested may be 
classified : 

1. Tubal 
1. Intrinsic: 

A. Developmental hypoplasia or 
abnormalities. 

B. Pathologic changes in the tubal 
wall, cilia or lumen due to pre- 
éxisting tubal inflammation. 

c. Changes in the tubal lumen fol- 
lowing insufflation or salpingo- 
grams. 

p. Obstructing new growths in the 
tube or uterus. 

E. Endometrial implants in the 
tube. 

2. Extrinsic: 

A. Distortion of the tube due to: 
(a) Pressure from new growths 

in the pelvis. 

(b) Peritubal adhesions: 

a. The result of previous 
pelvic inflammatory dis- 
eases. 

b. The result of previous 
pelvic or appendiceal 
surgery. 

c. The result of previous 
attacks of appendicitis. 

i. Ovular 

1. Intrinsic conditions in the ovum. 
2. External migration of the ovum. 

Cosgrove’ has stressed that since fertili- 
zation of the ovum occurs invariably before 
it enters the uterine cavity, its nidation and 
development outside the uterus depend on 
many conditions which tend to interrupt 
or impede the progress of the ovum toward 
the uterus after it is fertilized. The occur- 
rence of developmental abnormalities of, 
or new growths in, the tube, while certainly 
theoretically possible, is of only occasional 
importance, judging from the infrequency 
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with which they have been demonstrated 
as the likely causative factor. By far the 


most important consideration, according to 


most authors, is the existence of pathologic 
changes within the tube or peritubal ad- 
hesions outside the tube—the result of 
previous pelvic inflammatory disease. 

Falk” has been a staunch advocate of 
prior infection as the usual cause. Basing 
his figures on a series of fifty ectopics in 
which a careful histologic study was made 
of the proximal end of involved tubes, he 
stated that 95 per cent of the cases showed 
the end results of low-grade infection. An 
acute gonorrheal salpingitis, on the other 
hand, may result in complete destruction 
of the epithelium and closure of the lumen 
with resultant sterility. Falk’s figure is 
high, but the view that a large per cent of 
ectopics occur in tubes showing evidence of 
preéxisting tubal infection, gonorrheal, 
postabortal and puerperal, is shared by the 
majority of authors. Von Graff and Brown 
cited 33 per cent in their series. Tyrone and 
associates!! were impressed by the large 
percentage of salpingitis, 27.8 per cent of 
their cases showing microscopic evidence of 
tubal disease in the uninvolved tube. 
Masson,’ reporting from the Mayo Clinic, 
found a history of previous pelvic disease 
in 46.9 per cent of his series. 

In ‘support of a salpingitis etiology, 
Hahn!’ stated that gonorrhea is the most 
common cause of extra-uterine pregnancy, 
basing this contention on the greater 
incidence of ectopics in large towns where 
gonorrhea is more prevalent. Falk!* made 
the same observation in this country, 
stating the ectopics were more frequent in 
Harlem where the incidence of gonorrhea 
is notoriously higher than in certain 
Quaker settlements in Pennsylvania where 
both gonorrhea and extra-uterine preg- 
nancy are rare. On the other hand, Litzen- 
berg’ stated that less than 10 per cent of 
his specimc __* owed positive evidence of 


pathology a. . Van Etten™ found only 
10.4 per cent of seventy-seven cases show- 
ing signs of previous or concurrent tubal 
inflammation a~~, including tubal adhe- 
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sions, only 31.3 per cent showing involve- 
ment by infectious processes. He stressed 
that round cell infiltration about an 
implanted ectopic gestation is the usual 
finding and does not indicate salpingitis. 
This diagnosis must be based on sections 
remote from implantation. As an addi- 
tional cause of tubal infection and ectopic 
pregnancy, Potter” noted three cases in 
which patients developed tubal pregnancy 
while wearing gold stem pessaries. The 
etiologic réle of contraceptives, especially 
of this type, has been stressed by other 
authors as well. 

There have recently been cases of tubal 
pregnancy reported in the literature follow- 
ing tubal insufflation, which Tyrone and 
associates!! explained by the presence of 
previous salpingitis. Insufflation reestab- 
lished the Iumen sufficiently that concep- 
tion could take place, but the peritubal 
adhesions and intramural changes were 
such that normal tubal peristalsis was 
interfered with and the lumen was narrow 
enough to prevent passage of a fertilized 
ovum. Mueller® believed that salpingo- 
grams might be a causative factor, but 
could cite no cases in his series to prove the 
point. 

In 1914, McGlinn”® called attention to 
the previous work of Webster in which he 
demonstrated the existence of the decidual 
reaction in all cases of tubal gestation and 
advanced the view that the fertilized ovum 
could develop only on tissues capable of 
undergoing the genetic reaction. He felt 
the occasional occurrence of this reaction 
in the Fallopian tube was to be regarded as 
a reversion in this tissue to an earlier 
mammalian type either in structure or in 
reaction tendency. Schenk and Frankel”! 
found in casual sections of ectopic tubes 
62 per cent showing more or less well- 
defined decidual tissue. In a more careful 
study of sixteen specimens since 1934, they 
found fourteen of sixteen showing well- 
defined decidual tissue at the implantation 
site, the other two tubes being markedly 
distended with old blood. On the basis of 
these findings, they contended that this 
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was not an accidental but an incidental 
finding and that the etiologic factor in the 
production of ectopic pregnancy is the 
prior existence of endometrial tissue in an 
ectopic site, be it in the tube or intra- 
abdominally. In harmony with this idea all 
ectopic gestations are primary, In contra- 
distinction to the generally accepted idea 
that abdominal pregnancies are secondary 
to aborted or ruptured tubal pregnancies. 

Litzenberg,"* however, concluded that 
there is no true decidua in the tube, that 
there is an ovum bed but no decidua 
basalis and very few decidual cells. Even in 
serial section he found such cells very 
infrequently. He felt that the supposed 
decidual cells were really trophoblastic, an 
error easy to make, especially when the 
trophoblastic cells are isolated or found in 
groups with no direct connection to the 
trophoblastic masses. 

It seems likely that previous pelvic 
operations with the formation of adhesions 
may be a factor in some cases of tubal 
pregnancy. Lavell?? reported that 26.8 per 
cent of his patients had had previous 
operations on pelvic organs and believed 
it might be inferred that the operation 
itself may have been a damaging factor 
predisposing to later ectopic gestation. 
Urdan‘ likewise reported 193 of 474 ectopic 
pregnancies in which previous pelvic sur- 
gery had occurred. 

The réle of the ovum in tubal gestation 
is difficult to evaluate, but the high inci- 
dence of abnormal development in ectopic 
gestations and of abnormal feti in abdomi- 
nal pregnancies at or near term, would 
point to abnormality in the ovum as a 
possible factor in some cases. 

The question of hormonal control is an 
uninvestigated field. External migration of 
the ovum, with delay in reaching the 
uterine cavity, and development to a point 
where it traverses the tube with difficulty 
has been suggested as a cause in some cases 
and proved in a few patients with previous 
unilateral odphorectomy and_salpingec- 
tomy on opposite sides. 
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Tubal pregnancy occurs in various races 
and patients of various nativity. Lavell? 
stated that apparently the racial and 
nationality incidence is in relation to the 
incidence in general hospital population. 
This view is shared by investigators who 
have made any study of this factor. 

Tubal pregnancy may occur at any age 
during the child-bearing period. However, 
there is a disproportionate paucity of cases 
in the years before 20. Lavell stated that 
there is a noticeable concentration between 
25 and 29 years. This is borne out by 
Miller’ who found 40 per cent of his series 
between the ages of 20 and 30. Schumann,’ 
in his exhaustive treatise on the subject, 
stated that 60 to 70 per cent occur between 
24 and 33 years. This is perhaps the most 
reliable figure and is corroborated by other 
authors, including Scheffey and his asso- 
ciates? who found 74.3 per cent of their 
eighty-two cases fell in the age period 
between 23 and 35 years. 

In general it has been felt that extra- 
uterine pregnancy is an accident occurring 
in the main in parous women, but this ts 
not entirely true. Miller’ found that 36 per 
cent of his 104 patients had never been 
pregnant previously. Brown?’ found that 
eleven of his sixty-two patients, or over 
17 per cent, were nulliparous, and Urdan‘ 
found 21 plus per cent of his 474 patients 
gave no history of previous pregnancy. The 
larger groups of patients, however, have 
had one or more pregnancies ending in 
normal term deliveries or abortions. In 
general, the average number of previous 
pregnancies is given as between two and 
three. 

Sterility is a factor difficult to evaluate 
and may be inaccurate for one of two 
reasons: (1) contraception may have been 
practiced and the sterility enforced, not 
actual; (2) 50 per cent of sterility is due to 
the male and has nothing to do with the 
female generative organs. The idea is 
prevalent, however, that ectopics most 
often follow a period of sterility. To be 
considered of importance a sterile period of 
more than three years may be arbitrarily 
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taken as of significance. On this basis 
Brown?’ found that 60 per cent of the 
patients in his series who had been preg- 
nant gave a history of secondary sterility. 
On the other hand, Miller’ felt it was 
questionable whether a period of relative 
sterility is more frequently found in -this 
disease than in other conditions, such as 
pelvic tumor or gonorrhea, and Lavell?? 
felt that after subtraction of those practic- 
ing contraception and those in which the 
male was at fault, there would be only a 
few who could be called relatively sterile. 
The occurrence of one-child sterility pre- 
ceding an ectopic gestation was found by 
Urdan‘ to be about 12 per cent, which 
seems hardly high enough to be of any 
especial significance. 

There can be little doubt that ectopic 
pregnancies occur more frequently in pa- 
tients who have had previous ectopic 
pregnancies than in other women as a 
group. It is difficult to arrive at a figure 
representative of this recurrent likelihood. 
Various series report varying figures. To 
cite a few: Grier** found 3 per cent; 
Smith® found in an analysis of 1,608 
cases operated upon by members of the 
American Gynecological Society 3.5 per 
cent; James and Lafferty® gave 4 plus per 
cent, as did Strassman* in a report from 
the Mayo Clinic; and Von Graff and 
Brown’ found 5 per cent in their series 
repeating. These figures are in fairly close 
agreement, but not closely comparable 
with the figures of Giles,” who reported 
12.8 per cent recurrence or of Smith,?° who 
found in his own series 14.6 per cent having 
a second extra-uterine gestation. Rubin® 
had nine recurrences in ninety cases, or 
10 per cent. 


PATHOGENESIS 


Of all ectopic pregnancies, 95 to 98 per 
cent are found to be tubal pregnancies. 
An occasional one is interstitial. Rarely an 
Ovarian pregnancy is found, but whether 
any of these are truly ovarian is a debat- 
able question. A relatively small number of 
abdominal pregnancies implanted in vari- 
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ous situations are reported. It was the 
opinion of most authors that this latter 
group was in most cases secondary to an 
expelled ovular product primarily im- 
planted in the salpinx. The development 
of a pathologic picture in tubal pregnancy 
is dependent on the fact that, as Litzen- 
berg’ has so tersely expressed it: ‘“The 
physiology is the same as in uterine preg- 
nancy but the results will be pathologic 
because the ovum is implanted in an organ 
unfit anatomically or histologically for its 
reception.” The primary step in the patho- 
genesis of tubal pregnancy, then, is im- 
plantation. The various ideas as to the 
cause of this ectopic implantation have 
been discussed. 

Implantation takes place in the wall of 
the tube, on a tubal fold, as demonstrated 
by Somerfield or perhaps on an endo- 
metrial transplant. It was the opinion of 
many that implantation 
occurred much more frequently in the 
ampullary portion than in the isthmic 
portion of the tube—roughly the predis- 
position for implantation increasing pro- 
gressively from the uterus toward the fimbri- 
ated extremity. Polak® calculated this 
incidence as 76 per cent in the free end of 
the tube, 21 per cent in the isthmic end 
of the tube and 3 per cent imterstitial. 
Whether a true decidua is formed following 
implantation in the tube is a moot ques- 
tion. Schenk and Frankel,” in advancing 
their endometrial etiologic theory of ectopic 
pregnancy, felt that usually endometrial 
tissue was present in the tube which by 
hormonal stimulation became decidual tis- 
sue. Moritz and Douglass*! agreed that 
tubal decidua is frequently found and 
noted its development in twenty-six of 
fifty-three cases studied. Conversely, Falk*? 
stated that the stroma of the tube usually 
does not undergo decidual changes to 
resist the digestive action of the tropho- 
blast of the ovum, and Litzenberg con- 
tended that there is no true decidua in the 
tube, that there is an ovum bed but no 
decidua basalis and very few decidual 
cells. This question is principally of aca- 
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demic interest. Suffice it to say that the 
thin tubal wall is attacked by the blasto- 
cyte in essentially the same way as the 
thick uterine endometrium and that, with 
or without a thin decidua, the tubal wall 
is not capable of withstanding, except in 
very rare cases, the full development of 
the fetus. 

Following implantation, growth of the 
ovum occurs in one of three ways—prima- 
rily deep into the tubal wall, principally 
into the tubal lumen, or both more or less 
equally. Sooner or later with progressive 
development of the blastocyte and deeper 
penetration of the trophoblast, small ves- 
sels are eroded and bleeding takes place. 
If the growth of the ovum is deep in the 
tubal wall, the result is, as pointed out by 
Falk,*? either death of the ovum or ex- 
ternal rupture. If the growth of the ovum 
is into the tubal lumen the result is appear- 
ance of blood at the vulva and in the 
peritoneal cavity through the fimbriated 
end (threatened tubal abortion), distention 
of the tube due to hemorrhage into it 
which cannot escape, or tubal abortion. 

The result of this growth of the blasto- 
cyte in an ectopic position may be: Early 
death of the ovum with ultimate absorp- 
tion; degeneration in a mass of blood to 
form a tubal mole; termination of the 
pregnancy by surgery before rupture or 
abortion; free rupture of the tube; threat- 
ened or complete abortion through the end 
of the tube; extrusion of the ovular product 
by rupture or abortion with the gravitation 
of the dead gestation product and blood 
into the pelvis to form a _ hematocele; 
secondary implantation of the extruded 
living gestation in the abdominal cavity; 
or, very rarely, progression to term in the 
tube. 

It is conceded that when implantation 
takes place in the isthmic portion of the 
tube with its narrow lumen, free rupture 


is the usual end result and when implanta- 


tion is near the fimbria, tubal abortion is 
the likely termination. There is, however, 
no uniformity in opinion as to the relative 
incidence of tubal rupture and tubal abor- 
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tion. It has been generally stated in the 
past that tubal abortion is the most fre- 
quent termination. A review of recently 
reported series in the literature does not, 
on the whole, bear this out. Urdan‘* in 
his large series found 48.31 per cent ending 
as tubal abortion with 37.7 per cent ter- 
minating in rupture. Hennessy” stated 
that 75 per cent of cases are found at 
operation to be tubal abortions and Koster 
and Scheinfeld® reported thirty-one cases of 
abortion to twenty-nine of tubal rupture. 
On the contrary, James and Lafferty® 
found forty-seven cases of tubal rupture to 
forty-two of tubal abortion. Lavell,”? after 
a review of his large series, stated that 
rupture was three times as common as 
abortion. Scheffey and his associates? 
agreed with Lavell since they found fifty- 
three cases of tubal rupture with only 
sixteen of tubal abortion, and Fitzgerald 
and Brewer** reported a marked preponder- 
ance of tubal rupture in the proportion of 
364 to 78. Many of the ectopic products at 
the time of operation are found to be on 
section in the state of a tubal mole. 

The surgical discovery of an unruptured 
ectopic is not frequent. The incidence has 
been reported in various series?’** as from 
5 to 13 per cent. Pelvic hematoceles in a 
more or less organized state are not a 
frequent finding; Urdan‘ found only six in 
474 cases. The rarest termination of a tubal 
pregnancy is development within the tube 
to term. The report of its occurrence is 
limited to a few isolated cases. Schumann* 
reported such a case of his own and stated 
that several others had been reported. Such 
a termination presupposes a tube of un- 
usual distensibility with implantation in 
the inferior margin where the blood supply 
is rich. It is superfluous to say that the 
fetus is likely dead when surgically re- 
moved. The same may be said to a lesser 
degree of secondary abdominal pregnan- 
cies, as reported by Ware.* This interesting 
subject does not come under the scope of 
this paper. | 

Coincidental with implantation of the 
fertilized ovum in the tube, certain changes 
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take place in the uterus. Enlargement of 
the uterus may occur and progress to a size 
usually not exceeding that of a two to two 
and one-half months pregnancy. What 
enlargement takes place is due in part to 
the formation of a true decidua in the 
uterus, responding to hormone stimulation. 
It is the general opinion that the decidua 
continues to develop until the ectopic 
gestation is disturbed by the death of the 
ovum at tubal rupture or abortion. Then 
the decidua degenerates and is cast off in 
shreds or as a more or less complete cast of 
the uterus and accompanied by some 
uterine bleeding. Sampson* concluded 
after a study of twenty-five uteri associated 
with ectopic pregnancy that uterine en- 
largement is due to: (1) hyperemia, (2) a 
thickening of the endometrium and possi- 
bly some increase in size of the muscle 
fibers. The changes which he found in the 
endometrium were quite similar to those 
found in the decidua vera of early uterine 
pregnancy. It was, however, the belief of 
Moritz and Douglass,*! after a study of 
fifty-three endometria in cases of ectopic 
pregnancy, that a uterine decidua may be 
but is by no means constantly formed. In 
fact, they found a uterine decidua present 
in only eight of fifty-three cases and cited 
six cases in which they had definite proof 
that none had been formed since there was 
none found and no history of bleeding. 


ANALYTICAL STUDY 


During a period of ten years and ten 
months, seventy-three proved cases of 
tubal pregnancy have been seen in the 
Guthrie Clinic and the Robert Packer 
Hospital. During this same period of time 
3,771 full term deliveries and 495 abortions 
were admitted to the hospital. This makes 
an incidence in this clinic of 73 tubal to 
4,266 uterine pregnancies or a ratio of 1:58. 
This incidence is considerably higher than 
in the usual reported ratio, but this clinic 
is situated in a rural community in which 
only a fraction of the parturitions and 
abortions are cared for in a hospital, while 
of necessity most of the ectopic pregnancies 
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become hospital cases. This series included 
seventy two white patients and one colored 
patient; as this institution treats only an 
occasional colored patient, this racial 
proportion is to be expected. 

The average age for the series was 29.15 
years. The age range was 17 to 44 years 


TABLE I 
AGE GROUPING 


Ages No. of Cases | Per Cent 


(Table 1.) It is notable in a perusal of this 
table that the largest number of cases falls 
in the five-year period between 30 and 34 
years and that 52.1 per cent of the tubal 
gestations occurred in the decade between 
25 and 34 years inclusive. This is compar- 
able to the figure given by Schumann*— 
60 plus per cent occurring between the 
ages of 24 and 33 years. It is noteworthy 
that more cases occurred in the period 
above 40 than in the one below 20 years of 
age. 

No attempt will be made here to influ- 
ence the present etiologic concepts of tubal 
pregnancy, except to present such con- 
firmatory evidence of preéxisting tubal 
infection as was found in this series. 
Twenty-five cases, or 34.2 per cent of the 
series, presented no definite history or 
findings of previous or concurrent tubal 
infection; twenty-one cases, or 28.8 per 
cent, showed definite gross pathologic 
evidence of previous infection in both 
tubes; 6 cases, or 8.2 per cent, were re- 
ported to have presented definite evidence 
of salpingitis in the ectopic tube. The 
condition of the other salpinx was con- 
sidered normal or was not noted. In view of 
the very high incidence of salpingitis as a 
bilateral disease, it seems likely that most 
cases presenting pathology in the non- 
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ectopic tube also had varying degrees of 
change of possible etiologic significance in 
the tube harboring the ectopic. However, 
the architecture of the salpinx involved in 
tubal gestation is likely to be so distorted 
that the interpretation of gross changes by 
the pathologist may often omit mention of 
changes which on closer study of the 
specimen might be attributed to preexist- 
ing infection. In view of these facts we 
include 18, or 24.6 per cent of the cases, in 
which the surgeon or pathologist noted 
definite evidence of salpingitis in the 
opposite tube. 

The majority of these cases with gross 
pathology present had changes in the size 
of the tube, thickness of the wall, and 
opacity of the Iumen. A smaller number 
presented numerous peritubal adhesions as 
the only finding. In addition to these gross 
findings many of these patients gave a 
history of previous salpingitis—gonorrheal, 
postabortal or puerperal. Two additional 
patients gave such definite histories of 
previous infection, one of proved gonorrhea 
and one of a tubo-ovarian abscess drained 
two years prior to the ectopic gestation, 
that they are included as having a possible 
infectious etiology. The remaining patient 
had a concurrent appendicitis which by 
contiguity may have been a factor in 
causing the right ectopic pregnancy. This 
makes a total of forty-eight, or 65.8 per 
cent of this series, which presented in most 
cases pathologic, and in all of the remain- 
ing, a history of preéxisting tubal infection. 
This is strong evidence in favor of changes 
in the tube of a gross nature due to infec- 
tion as the etiology of ectopic pregnancy in 
a large percentage of cases. Because serial 
sections of the tubes were not made, no 
opinion can be expressed as to the presence 
or absence of endometrial tissue implants 
in these cases. 

One patient had two tubal pregnancies 
operated upon in the span of years covered 
by this study. One patient gave a history 
of a previous salpingectomy for tubal 
pregnancy and a third had a lithopedion 
found in the opposite tube at the time of 
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operation. This was considered definite 
evidence of a prior tubal gestation in which 
the fetus had died and become calcified 
before rupture or abortion took place. In 
all there were three cases in this series with . 
recurrent ectopics. This is an incidence of 
about 4 per cent and is in close agreement 
with the figures of James and Lafferty® and 
Strassmann” and the incidence in the 
composite series cited by Smith.” 

In this series four patients were un- 
married. Of the sixty-nine married patients, 
the history recorded the marital period in 
thirty-one. The shortest period from mar- 
riage to operation for tubal pregnancy was 
six months, the longest twenty-seven years. 
The average marital period in this group 
was 9.74 years, which confirms the usual 
opinion that ectopic pregnancies occur 
usually after a fairly long marital period. 
Fifty-six of the seventy-three case records 
studied specified as to previous pregnancy 
and the number of previous gestations. 
Twelve, or 21.4 per cent of those in which 
the obstetrical history was given, had not 
been previously pregnant. This figure is 
closely comparable to that given by 
Urdan.‘ Forty-four, or 78.6 per cent of 
those specified, had been pregnant prior 
to their tubal gestation. The number of 
pregnancies ranged from one to eleven and 
averaged 2.82 pregnancies, ending in abor- 
tion or full term delivery. Thirty-nine case 
histories specified the time of sterility; five 
of these indicated primary sterility averag- 
ing 2.7 years; thirty-four a secondary 
sterility. The average sterile period was 
2.83 years, which is below the arbitrary 
three-year sterility which may be regarded 
as significant, but eighteen of these thirty- 
four cases, or over 50 per cent with 
secondary sterility, had a sterile period of 
over three years. The figures on this point 
are not complete enough in this series to 
be conclusive, but suggest the presence of a 
sterile period immediately preceding the 
ectopic gestation in a sizable percentage of © 
cases. Thirteen of the fifty-six patients 
giving a complete obstetrical history had 
had one pregnancy each. The sterile period 
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was specified in ten of these cases and 
averaged 5.25 years. Six patients had had a 
sterile period of over three years. This is 
suggestive of a fair incidence of one 
pregnancy sterility in this series. 

The cases covered in this analysis were 
classified as to the pathology present. 
Those cases in which there was a gross rent 
in the tube with blood in the peritoneal 
cavity, encapsulated or free, were classified 
as ruptured. Those in which there was no 
demonstrable tear in the tube wall but 
gross bleeding into the peritoneal cavity 
were classified as tubal abortion, more often 
threatened than complete. Only those cases 
with no rent in the tube and no bleeding 
into the peritoneal cavity and with a 
localized distention of the tube containing 
a gestation product or tubal mole were 
classified as unruptured. 


TABLE II 
PATHOLOGY 
No- | Per | Right) Left 
C Cent | Tube | Tube 
ases 
on 16 15 
Unewptared............ II 15.0 5 6 
73 |100.00) 38 35 


It is to be noted that the incidence of 
rupture and abortion is exactly the same 
in this series. An incidence of 15 per cent 
unruptured cases is higher than in most 
reported groups of cases. In a number of 
cases rupture or abortion took place into 
preformed adhesions with the formation of 
a localized hematocele. In others the gesta- 
tion product and blood gravitated to the 
pelvis, becoming more or less organized as 
a pelvic hematocele prior to operation. 
These were not differentiated from those 
cases with blood found diffusely through- 
out the abdomen because it was possible to 
distinguish the pathogenesis and classify 
them as to the causative process—i.e., 
rupture or abortion. Pregnancy occurred 
in the right tube in thirty-eight and in the 
left tube in thirty-five, a difference not 
great enough to be of any significance. 
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DIAGNOSIS 


The diagnosis of tubal pregnancy is 
difficult. Mistakes in diagnosis are all too 
frequent in all reported series. DeLee* 
stated: “‘No pelvic condition gives rise to 
more diagnostic errors. The author has 
seen mistakes made by every gynecologist 
and surgeon in the city, including himself.” 
So-called typical cases are seen infre- 
quently, in fact, as Litzenberg™ has noted, 
“The most typical thing about an extra- 
uterine pregnancy is that it is atypical.” 
There are cases of frank rupture exhibiting 
evident signs of intra-abdominal hemor- 
rhage, shock, typical pain or rupture and a 
history of amenorrhea followed by vaginal 
bleeding in which the diagnosis is evident. 
Fortunately for the patient, this “tragic” 
type of case is in the minority. On the other 
hand, the unruptured case is seldom cor- 
rectly diagnosed. It is true that because of 
minimal symptoms many of these patients 
are not seen by the physician or surgeon 
until the further developments of abortion 
or rupture take place. It is equally true 
that many of these unruptured ectopics are 
seen by the surgeon who treats them 
conservatively or operates on them with a 
diagnosis other than tubal pregnancy. In 


‘between these two groups are the majority 


of cases seen on a surgical or gynecological 
service—those with varying degrees of 
hemorrhage in the stage of threatened or 
complete abortion or rupture without 
startling hemorrhage. In many of these the 
diagnosis is readily made and treatment 
promptly carried out. In others because of 
confusing factors in the history or mis- 
leading findings, the correct diagnosis is 
made only after considerable study, only 
suspected or not made preoperatively at 
all. 

The literature abounds with reports of 
missed diagnoses; to mention but a few: 
Miller,’ in 104 cases, reported diagnoses 
correct in 35 per cent, suspected in 35 per 
cent and incorrect in 30 per cent. Von 
Graff and Brown’ stated that even in well- 
equipped and efficiently supervised institu- 
tions as many as 30 per cent of all ectopics 
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are surprises discovered during operation. 
Urdan,‘ in his large series of 474 cases, 
found the diagnoses correctly made pre- 
operatively in only 58.17 per cent and 
suspected in fifty more cases. Excluding 
cases in his series prior to 1918, Lavell?? 
found a diagnostic error of only 15.3 per 
cent—one of the best reports in the 
literature. 

The series of seventy-three cases here 
reported likewise shows too high a propor- 
tion of missed diagnoses; forty-six cases, or 
63 per cent, were correctly diagnosed before 
laparotomy, ten following a diagnostic 
dilatation and curettage. In three cases, or 
4.2 per cent, the diagnosis was. suspected 
but not unequivocally made and in twenty- 
_ four, or 32.8 per cent, the preoperative 
diagnosis was something other than tubal 
pregnancy. 

It is generally conceded that the two 
conditions with which ectopic pregnancy is 
most often confused are pelvic inflamma- 
tory disease and uterine abortion. In this 
series fourteen cases were incorrectly diag- 
nosed as salpingitis, pyosalpinx or pelvic 
inflammation. In ten cases the diagnosis of 
uterine abortion was considered seriously 
enough to warrant a diagnostic curettage in 


order to exclude it. The remaining errors | 


included the diagnosis of appendicitis in 
three cases, fibromyomata of the uterus in 
three, ovarian cyst in three and adherent 
retroversion of the uterus in one case. 

In the differentiation of salpingitis or 
pyosalpinx the most important single point 
is that tubal inflammation is_ usually 
bilateral, whereas the mass when palpable 
in ectopic pregnancy is unilateral. In addi- 
tion, the menstrual change associated with 
salpingitis is usually menorrhagia with a 
shortened intermenstrual interval in con- 
tradistinction to a period of amenorrhea 
followed by scant flow in ectopic gestation. 
Of greater importance is the usual history 
in tubal infection of previous attacks of 
pain aggravated at the time of the period 
and the absence of all symptoms and signs 
of early pregnancy. Usually salpingitis is 
accompanied by a rather marked febrile 
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and leucocytic reaction with an increased 
sedimentation rate. 

Davis® has nicely summarized the differ- 
ential diagnosis between uterine abortion 
and tubal pregnancy. He stated that abor- 
tion is likely to occur at a later date than 
tubal abortion or rupture so the period of 
amenorrhea is longer before bleeding begins 
—on an average,: four to six weeks in 
ectopic and eight to twelve weeks in abor- 
tion. The onset of pain in tubal pregnancy 
is often attended by dizziness or faintness 
or is stab like in the affected side, whereas 
it is almost always cramplike in uterine 
abortion. Vomiting is infrequent in abor- 
tion but common im ectopic pregnancy. 
Bleeding is small in amount and usually 
dark and sometimes brown in color in 
tubal gestation, whereas in abortion it is 
usually bright red, copious and may con- 
tain clots. In uterine abortion the external 
bleeding is an accurate index to the amount 
of blood lost, which is frequently not the 
case in an ectopic with considerable intra- 
peritoneal hemorrhage. The findings in 
abortion are a uterus of size commensurate 
with the duration of amenorrhea, while in 
tubal pregnancy on bimanual examination 
the uterus may be slightly enlarged and 
often a unilateral, very sensitive and boggy 
mass is felt. 

The differential diagnosis of tubal preg- 
nancy seems definite enough on paper, but 
in actual practice there are many cases in 
which there are factors in the history or 
findings which mislead one to the point of 
making an erroneous diagnosis. The symp- 
toms of greatest frequency in ectopic 
pregnancy are pain, period of amenorrhea, 
vaginal bleeding and syncope or shock. 
When grouped together in a woman of the 
child-bearing age, they invariably suggest 
ectopic pregnancy, but none of these 
symptoms is constant and it is in only the 
occasional case that we find them grouped 
to present the so-called typical picture of 
ectopic gestation. It is felt that because the 
symptomatology and findings will vary 
somewhat, depending on the stage of the 
gestation, as to whether unruptured, rup- 
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tured or in process of tubal abortion, the crampy, of only moderate severity, more 
case histories might best be analyzed often continuous than intermittent, and 
clinically in relation to the pathology found was in all cases, limited to the lower abdo- 
at operation. An attempt has been made in men, usually to the quadrant containing 
the review of these seventy-three cases to the involved tube. In contrast, the pain in 
do this and any notable differences in the ruptured case was most frequently 
symptoms and findings between these sharp, at times crampy but never specified 
groups will be emphasized. as dull in nature, usually severe and more 

Pain of some degree is the most constant often continuous than intermittent, and 
symptom of tubal pregnancy. Grier*4 found was described as generalized or upper 
pain present in all of his one hundred cases abdominal in about 35 per cent of the cases. 
but Von Graff and Brown’ have empha-_ The pain in cases terminating in abortion 
sized the fact that a tubal pregnancy may was likewise predominantly sharp in char- 
exist without pain, and Falk*? in his com- acter, but in over 80 per cent of the cases in 
prehensive discussion of the subject stated which it was noted, was intermittent in 
that there is no pain until hemorrhage occurrence, most often severe, but less 
takes place since a normally growing ovum often than in ruptured cases, and, in the 
in a tube causes no pain. In this series, pain majority of cases, was felt across all of 
was almost a constant complaint, present the lower abdomen. In only four cases 


TABLE III 
PAIN 
Position 
Sever Abdominal Referred Pain 
ag ype y 
tinulty Pain 
Pathologic 
BEE | | | | ledles 
Ruptured tubal 
pregnancy....|30] o| 1| 18.6 | 8 0|17|12| 8/10} o| 6/20} 4 4 o} 8} 2) 2) 4] of 1] 1 2 4 
Tubal abortion. .|31| 0} 22.6 {10} 6] 3/12] 4/18] 9| 6} 3] 1/15] o| 4) 7] 1] 3) 1 2) 1 6 
Unruptured tu- 
bal pregnancy |10| 1| 27 2] 4] 4] 2] 5] 8] 1] o} o} of 3] 1] 2] of of Of Of Of Of IT] O 
71| 1| 21.5 |20/14] 2/23/36/10| 5/26) 1/16)11| 3) 7) 1] 5] 2) 3} 3] 10 


in seventy-one cases, not noted in one and_ was it described as generalized or upper 
specified as absent in only one case, which abdominal. 

was an unruptured early case. (Table 11.) The differences in pain in these three 
The average time of onset of pain before pathological types are in accord with the 
operation was 21.5 days, being longest in pathogenesis, since in tubal abortion there 
the unruptured case which seems paradoxi- _ is usually spasmodic expulsion of blood into 
cal, but is probably accounted for by the the peritoneal cavity, causing intermittent 
lesser severity of the pain in contrast tothe pain as emphasized by Falk;*? blood is 
case which terminated early in rupture or more likely to be limited to the lower 
abortion and was forced to seek surgery abdomen, and only occasionally in abortion 
early. As will be noted in Table 111, the pain do we have profuse hemorrhage with 
in unruptured cases was most often dull or generalized pain. Cases which have termi- 
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nated by rupture include most of the 
instances of free abdominal hemorrhage in 
which blood is found at operation diffused 
throughout the abdomen and causing 
generalized pain. Because of the localized 
nature of an unruptured tubal gestation, 
we would expect pain limited to the side of 
involvement or at least to the lower 
abdomen. 

In addition to pain in the abdomen, some 
patients complain of pain referred to other 
sites. The most frequent and most diag- 
nostic referred pain is to the shoulder. This 
reference was first noted and reported by 
Rubin® in 1923 and has been since fre- 
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present in four ruptured cases and three 
cases of tubal abortion, an incidence of 
9.6 per cent. In addition, reference to the 
chest, back, thigh and external genitalia 
was noted in a few cases. Three patients 
noted reference of pain to the rectum. It is 
noteworthy that no patients with unrup- 
tured tubal pregnancy had pain referred 
to any of these sites. Abdominal pain on 
urination or on defacation has been stressed 
by some writers and occurred three and 
ten times respectively in this series. 

A “missed period”’ is the first presump- 
tive sign of intra-uterine pregnancy. So, 
too, it is in some cases of tubal pregnancy 


TABLE IV 
AMENORRHEA AND BLEEDING 
Amenorrhea Bleeding 
9 ‘Continuity Amount Character 
Pathological = a A 
Ruptured tubal preg- 
12} o | 24.8 | 22) 8] 1 | 20.3] 16) 3/3] 3 I 8 54/0 
Tubal abortion......... 15] 111 5 | 14.6 | 26] 4 2.7 | so; 
Unruptured tubal preg- 
4| 6} 1 | 16.5 | of 1 | 31 goles ge 
38] 29] 6 | 19.9 | 57] 3 | 23.5 | 40] 14] | 15] 20] 9] | 3] 12] 2 


quently reported. Pain in either or both 
shoulders is accepted as an indication of 
blood between the liver and diaphragm 
causing phrenic irritation so presupposes 
rupture or abortion, with considerable free 
blood in the peritoneal cavity. Since 
Rubin’s interpretation of this phenomena, 
many authors including Miller,’ Gordon,” 
Mathieu,*! Mueller,*? and others have 
stressed its value as a symptom. Falk* 
gives its occurrence as 8 per cent in 
ectopics. Grier‘ found it present in 14 per 
cent of his series and Fitzgerald and 
Brewer*® noted it in 8.2 per cent of their 
cases. In this series, shoulder pain was 


the first symptom. This valuable indication 
of pregnancy, intra- or extra-uterine, Is 
unfortunately not always present. Urdan‘ 
has summarized the onsets of anomalous 
bleeding: (1) Most commonly after a 
period of amenorrhea; (2) at the time of 
the regular period but continuing; and (3) 
one to three weeks after a regular period. 
It is evident that those cases falling in the 
last two groups will have missed no 
periods. 

According to most reports some period 
of amenorrhea was present in a majority of 
cases. Falk*? found a history of ‘missed 
period” in 85 per cent of his series. Miller’ 
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and Grier* found such a history in 79 and 
76 per cent of their cases respectively. 
Urdan,‘ however, found amenorrhea noted 
in only 60 per cent of his series and Brown?* 
and Von Graff and Brown’ said less than 
one-half of their patients missed a period. 
Of the sixty-seven cases of this series in 
which the history was specific on this 
pomt, only 56.7 per cent of the cases 
reviewed had had a period of amenorrhea, 
averaging about twenty days. (Table tv.) 
It is significant that the average period of 
amenorrhea in ruptured tubal pregnancy 
was over ten days longer than in the cases 
of tubal abortion, indicating that vaginal 
bleeding starts earlier in cases with [uminal 
implantations which are likely to progress 
to abortion than in mural implantations 
which are likely to end in rupture of the 
tube. This is in accord with the ideas of 
Falk*? on tubal implantation. 

A history of anomalous bleeding is more 
frequently encountered than is orderly 
amenorrhea followed by bleeding. 

Polak (quoted by Johnston**), found a 
history of menstrual disturbance in 95 per 
cent of his series. This figure is probably 
fairly correct. In this series, over 90 per 
cent of the patients gave a history of either 
amenorrhea or anomalous bleeding or both. 
Vaginal bleeding is probably in most cases 
uterine in origin, due to decidual slough 
secondary to disturbance in the implanta- 
tion of the ovum, but it seems likely that 
blood originating in the tube at times finds 
its way to the introitus. Falk*? believes that 
it is blood from the tube which is noted as 
dark brown or black in color when seen 
externally, and which is so typical of 
ectopic when present. Abnormal external 
bleeding was present in 81.4 per cent of this 
series. (Table 1v.) This is in accord with 
most reported figures in the literature 
which ranged from 80 to go per cent. The 
bleeding started on an average of 23.5 days 
before operation and continued to the time 
of operation as a more or less uninterrupted 
flow of small amount in the majority of 
cases. In seven cases, or about 10 per cent 
of the series, the flow was designated as 
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dark, brown or black in color. Clots were 
noted in twelve instances and definite 
tissue in two. It seems likely that both of 
these were decidual tissue. There were no 
differences in the character of bleeding 
constant enough to be of diagnostic value 
between the various pathologic types of 
tubal pregnancy. 

Subjective symptoms of pregnancy, espe- 
cially morning sickness and breast changes, 
have been emphasized in the past by some 
authors. Most recent writers have specifi- 
cally stated that they are infrequent or 
“conspicuous by their absence.” This view 
was shared by Miller,’ Urdan,‘* Lavell, 
Ludwig, ** Bell** and others. Breast changes 
were noted by the patient only four times 
in this series. It is true that nausea or 
nausea and vomiting are frequent, noted 
forty-three times in this series, but this 
study does not bear out the idea of Falk*? 
that the nausea and vomiting is usually 
a symptom of pregnancy per se, because in 
only six cases was it regularly recurrent, 
suggesting morning sickness, whereas in 
the remaining cases the sequence clearly 
suggested nausea or vomiting secondary to 
pain. 

The fourth group of symptoms sugges- 
tive of eccyesis includes those of syncope, 
varying from a mild feeling of faintness in 
cases of lesser severity to profound shock 
with all of its symptoms and findings. As 
will be noted in Table v, the symptoms of 
faintness and the findings of pallor, poor 
pulse volume, or prostation were almost 
limited to those cases which had progressed 
to tubal rupture or abortion, being most 
common in cases of tubal rupture. One 
patient with an unruptured tubal preg- 
nancy had noted faintness and one had 
fainted on one occasion prior to operation. 
This subject will be discussed further 
below. 

In those patients who had preoperative 
blood pressure recorded, the systolic read- 
ing varied with the pathology present 
(Table v), being lowest in cases of frank 
rupture, median in cases of tubal abortion 
and essentially normal in unruptured tubal 
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gestations. Conversely, the average pulse 
rate was highest in ruptured cases, median 
in cases of tubal abortion and lowest in 
unruptured tubal gestations. 


TABLE v 
SYMPTOMS AND SIGNS OF SYNCOPE AND SHOCK 

«| 

x2) 

Ruptured tubal preg- 

5 5 | 2} 18 | 108] 30 |107 
Tubal abortion........ 4°) 2x8} 20 
Unruptured tubal preg- 

o| 1] ojo} 5§]| 122] 11 | 89 

23/10| 10 9 | 3| 36] 113] 70 | 990.6 


The temperature in this series ranged 
from 95 degrees in a ruptured case in 
shock to 101.8 degrees, in a case of tubal 
abortion with pelvic hematocele. The 
average temperature was 99°F., but this 
figure means little since it balances those 
low in shock with those above normal due 
to peritoneal irritation. In the unruptured 
cases, the average temperature was 98.8 
with a range of only 98.4 to 99.4, essentially 
normal. It is generally agreed that the 
temperature may rise immediately follow- 
ing liberation of fresh blood into the peri- 
toneal cavity, which in the absence of 
infection soon falls to normal. This rise is 
not high, usually not over 2 to 2.5 degrees. 
Ricci and Di Palma* have stressed the fact 
that temperature is no index to the amount 
of intra-abdominal blood, although low 
temperatures will be found, of course, in 
cases of marked hemorrhage and shock. 

On palpation of the abdomen, tender- 
ness is an almost constant finding. Most 
noted abdominal tender- 
ness of varying degree in 85 to 95 per cent 
of their cases. In this series 95 per cent had 
some abdominal tenderness. (Table v1.) 
Tenderness was entirely absent in two 
unruptured cases and in one case of tubal 
abortion. The tenderness was moderate 
or marked in most cases of tubal rupture or 
tubal abortion and slight or moderate in 
unruptured cases. The localization of 


tenderness was comparable to the position 
of pain, being predominantly generalized 
or across all of the lower abdomen in 
rupture or abortion and localized to the 
quadrant containing the imvolved tube 
in unruptured cases. In general marked 
tenderness is due to the presence of blood 
in the peritoneal cavity, whereas the 
tenderness of an unruptured ectopic is 
localized and not marked. 

Brown,”’ Cosgrove,’ and Johnston*? have 
mentioned abdominal rigidity as the usual 
finding, with blood in the peritoneal cavity. 
Gordon® stated that rigidity is often 
unilateral and less marked than in acute 
appendicitis and salpingitis. The finding of 
rigidity in only four of our cases of tubal 
rupture and five cases of tubal abortion is 
rather in agreement with the statement of 
Urdan‘ that rigidity is not a common 
finding. Its presence would tend to indicate 
that fresh blood was free in the abdomen 
and it is absent in unruptured cases. Falk*? 
has recently stressed the rather frequent 
finding of abdominal distention due to a 
moderate ileus developing reflexly as a 
result of blood in the peritoneal cavity. In 
the sixty-two cases of tubal rupture and 
tubal abortion in this series, nineteen, or 
30 per cent, had distention which was 
moderate in fifteen and marked in four 
instances. That distention would be absent 
in unruptured cases is self-evident. 

In 1919, Cullen of Baltimore, described 
a case in which he noted _ bluish-black 
discoloration of the umbilicus.** This sub- 
sequently proved to be an ectopic preg- 
nancy with the abdomen filled with blood 
and the phenomenon was considered a 
result of the oxidation of blood pigments 
deposited in the tissue through periumbili- 
cal lymphatics. This phenomenon, now 
called Cullen’s sign, has been observed 
occasionally since. Novak observed it 
twice prior to 1922 and other writers 
have reported single instances. Smith and 
Wright, after a review of the literature, 
concluded it was a rare finding. It is not 
pathognomonic but very suggestive of 
ruptured ectopic pregnancy when present. 
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In this series, Cullen’s sign was observed 
in one case. 

Unilateral dilatation of the pupil on the 
side of rupture, probably due to vagus 
reflex from subdiaphragmatic irritation, 
has been reported but is rare and was not 
noted in this series. 

Upon pelvic examination, which must be 
carried out with extreme gentleness in a 
suspected ectopic pregnancy, tenderness is 
usually found. The tenderness is likely to 
be more marked than on abdominal palpa- 
tion and is at times exquisite In some cases 
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on a hematocele in the pelvis or about the 
tube, or direct pressure on the involved 
portion of the salpinx. This explains the 
greater incidence of bilateral tenderness in 
tubal rupture which is more often accom- 
panied by free bleeding than in tubal 
abortion where the bleeding into the peri- 
toneum is often intermittent and forms a 
localized hematocele in the pelvis or about 
the end of the tube. Obviously, in unrup- 
tured cases with no intraperitoneal bleed- 
ing, tenderness will usually be localized to 
the"pathologically involved organ. 


TABLE VI 
TENDERNESS AND PELVIC MASS 

Abdominal Tenderness Pelvic Tenderness Pelvic Mass 
Severity | Position Severity | Position Size eve 
Pathologic 
Diagnosis 
= £ 

Ruptured tubal preg- 

30 1} 3} 6] 7} 0/23] 1] 7| 1] 3/16) 3/12] 7| 3) 1/13/14) 4) 2} 2] 3] 6 7) 4] 2 
Tubal abortion....... 30} 1| of 6} 7| 7/10} 2/11/10} 7/24] o} 2] 5/13] 4] 7] 1/24} 2/12) 1) 4) 1 
Unruptured tubal 

pregnancy......... 8} 2) 2} 3} 2] 1] of 1] 4) 3/10} of 1} 4} 2] 3] 3} 6 of g| 2] of 7| 1] Of 1} 3} 6 

19|21|17/11|26 15 17|16 14 


of rupture or abortion. From the findings 
in this series (Table v1) in which pelvic 
tenderness was specified as absent in only 
one case, we may say that in unruptured 
tubal pregnancy tenderness is _ usually 
present, is in the majority of cases slight or 
moderate in severity, but may be rather 
marked, and is almost always limited to 
the side of the involved tube. In tubal 
rupture the tenderness is predominantly 
marked in severity and is more frequently 
noted in both fornices than as limited 


tenderness on one side. In tubal abortion, 
tenderness is likewise usually marked in 
severity but is more often unilateral than 
bilateral. The presence of pelvic tenderness 
depends on free blood in the pelvis which 
is usually bilaterally distributed, pressure 


Schumann® has stressed the point that 
traction on or motion of the cervix or 
uterus greatly aggravates the pelvic pain 
and tenderness. This was observed and 
recorded in the study in only sixteen cases 
of which fourteen were of tubal rupture or 
abortion. In only four instances was pain 
on motion of the cervix described as 
severe. Palpation of a pelvic mass is byno 
means constant. In this series, in forty-six 
cases a mass was felt on pelvic examina- 
tion, no mass was felt in twenty-one cases 
and in six cases this information was not 
specified. (Table v1.) In general, a mass is 
more often palpated in tubal abortion than 
in tubal rupture due to the greater fre- 
quency of hematocele formation in the 
former. In unruptured cases, the mass Is 
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small and may or may not be felt, depend- 
ing on its size, accessibility and the acuity 
of the examiner. In all but three cases in 
which the mass was felt back of the uterus, 
it was limited to one side or the other. The 
mass Is usually tender, at times exquisitely 
so, but sometimes, as stressed by Lavell?? 
surprisingly free from marked tenderness. 
The mass is usually soft or doughy, 
seldom firm or hard. Bogginess in the 
cul-de-sac was noted in our patients in six 
cases of tubal rupture and four cases of 
tubal abortion, or about 15 per cent of the 
patients who had blood in the peritoneal 
cavity. 

Since there is the same hormone control 
of the reproductive organs operating in a 
tubal gestation as in a normal pregnancy 
and in most cases a decidua vera formation 
in the uterine body, we would expect in 
tubal pregnancy the changes in the genera- 
tive organs found in a normal pregnancy, 
principally softening of the cervix and 
enlargement of the uterus. These changes 
exist, but are not always clinically evident 
due to the early termination of the extra- 
uterine gestation or because the changes 
are not gross enough to be noted on 
examination. Mueller reported softening 
of the cervix in 26 per cent and enlargement 
of the uterus in 28 per cent. Ludwig‘ 
reported enlargement of the uterus to the 
size of a two to two and one-half months’ 
pregnancy, which is the usually given 
extent of enlargement in extra-uterine 
pregnancy, in nine of his 145 cases. 
Scheffey and his associates? noted enlarge- 
ment of the uterus and softening of the 
cervix in 19.5 per cent. These figures are in 
accord with Lavell’s* statement that the 
signs of pregnancy are absent in the major- 
ity of cases. In the seventy-three cases 
considered in this report, thirty, or 41 per 
cent, showed either softening of the cervix, 
enlargement of the uterus or both. The 
uterus was considered larger than normal in 
eighteen cases, slightly enlarged in fourteen 
and moderately so (size of two to two and 
one-half months’ pregnancy) in four. The 
cervix was considered soft in nineteen cases. 
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Chadwick’s sign was reported present in 
one case. 

The laboratory is, of course, of some aid 
in the diagnosis of tubal gestation. The 
most important information gained is 
through the leucocytic response of the 
organism to blood as a peritoneal irritant, 
the erythrocytic and hemoglobin depletion 
as an evidence of hemorrhage and in recent 
years the evidence of pregnancy gained 
from the various biologic tests for preg- 
nancy. The average results are given in 


Table vit. 


TABLE VII 
LABORATORY FINDINGS 
Preoperative | Preoperative R.B.C.| Fried- 
Leucocytes and Hemoglobin /| man Test 
Pathologic 
Diagnosis Aver- | Polys. Erythro- Posi 
age | Per cyte Post- 
SIC c Per tive 
ount| Cent | oun Cent 
Ruptured..... 25|12,280| 80.2 |23|3,373,000| 64.3 | 1 I 
Abortion...... 28/11,440| 77.3 |20/3,542,000| 60.5 | 4 
Unruptured...| 7| 9,915] 75.5 | 5|3,976,000| 83.6 | 1 1 


It is an accepted fact that following a 
fresh intraperitoneal hemorrhage there is a 
prompt rise in the total leucocyte count 
and in the proportion of polymorpho- 
nuclear cells. However, Falk®? stated that 
the count goes down rapidly after fresh 
hemorrhage ceases. The leucocyte count 
and differential, then, are of most value as 
an index to present or recent hemorrhage. 
A normal count does not indicate that there 
may not have been a large hemorrhage 
some time before the count was taken. 
Generally, the average count was highest in 
the ruptured cases of the series, median in 
tubal abortion, and Jowest in unruptured 
cases with the polymorphonuclear percent- 
age in relation. The highest count in the 
series was 26,000 with 94 per cent polys in 
a case of ruptured tubal pregnancy. Many 
counts were normal in the various groups. 

The erythrocyte count and hemoglobin 
are of value as an indication to the blood 
lost vaginally and intraperitoneally, but are 
not, of course, a true index immediately 
after the blood loss. The average counts 
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were lowest in tubal rupture and highest in 
unruptured cases. Because of the inherent 
errors in the biologic pregnancy test, the 
early stage in pregnancy when it is used in 
tubal gestations, and the fact that after 
complete separation of the gestation prod- 
uct or degeneration of the chorionic villi 
the test is no longer positive, causes 
frequent negative readings. Von Graff and 
Brown’ and others have insisted that a 
positive test is of great aid, but a negative 
test inconclusive. The experience with the 
Friedman test in this series has been con- 
clusive. It has been utilized in six cases, all 
of which were positive. This is unusual, 
since Goldberg, Salmon and Frank, using 
the Friedman test in duplicate in ectopics, 
found 32 per cent false negatives. 

The sedimentation test has been advo- 
cated to differentiate pelvic inflammatory 
disease from ectopic pregnancy. It was used 
only once in this series. The sedimentation 
rate in this case was within normal limits 
and so tended to rule out pelvic inflamma- 


tory disease. Dumphy and Fallon® have 


advocated the use of the quantitive Van 
den Bergh and serum bilirubin tests since 
these are elevated in the presence of intra- 


peritoneal hemorrhage. For the same rea- 


son, urobilinogen and icterus index deter- 
minations have been suggested. In this 
series, a positive urobilinogen and an 
icterus index of 15 were reported in one 
case with blood intraperitoneally. A normal 
icterus index was obtained in one unrup- 
tured case. 

The Wassermann reaction was positive, 
2 to 4 plus, in three cases. 

There are several diagnostic procedures 
which are of great aid in some cases. There 
were ten cases in this series in which the 
clinical picture was such that uterine 
abortion could not be entirely excluded as 
a possibility. In these ten cases a diagnostic 
dilatation and curettage was done and, 
following negative findings, a laparotomy. 
Many writers!'*:*4 have felt that diagnostic 
dilatation and curettage is a procedure to 
be avoided when ectopic pregnancy is 
considered a possibility because of the 
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danger of rupture of the pregnant tube or 
of infection. In this study there was 
no indication that this is the case, since 
no complications arose attributable to 
curettage. The conclusion to be drawn 
is mm accord with that of Siddall and 
Jarvis,*! Siddall,®? Moritz and Douglass*! 
and Mathieu‘! that the procedure offers 
information in doubtful cases which well 
compensates for any theoretical danger in 
its performance. The value of a negative 
curettage alone is that it usually ade- 
quately rules out uterine abortion. In 
addition, the finding of decidua without 
chorionic villi is highly suggestive of 
ectopic gestation. 

Needling of the cul-de-sac has been 
advocated in cases with bogginess in the 
cul-de-sac to palpation. Both Von Graff 
and Brown’ and Mathieu‘! advocate it as a 
valuable procedure, warning of its danger 
from an infectious standpoint. It should be 
done as a preliminary to laparotomy. In 
this series, this procedure was used in only 
one case, in which it was diagnostic. 
Mathieu‘! has stressed hysterosalpingo- 
graphy as a valuable diagnostic aid. He 
stated that with the use of iodized oil the 
method gives practically 100 per cent posi- 
tive evidence in support of or against tubal 
pregnancy as the diagnosis, and that there 
is no harm from the procedure. Smith and 
Brunner®*"*‘ first described, in 1934, modi- 
fication in the vaginal mucous membrane 
in early pregnancy which they felt could be 
used as an accurate simple biopsy test of 
pregnancy. The rapidity with which a 
report may be obtained would recommend 
it, but its limited applicability except in an 
institution with a pathologist well trained 
in recognition of microscopic changes in the 
vaginal mucosa is evident. Hope, in an 
interesting paper on the subject, stressed 
the applicability of peritoneoscopy to diag- 
nosis of extra-uterine pregnancy. Hemo- 
peritoneum is presumptive evidence of 
tubal abortion or rupture. He felt the 
procedure was simple, safe and accurate. 
These last three diagnostic procedures have 
not been used in any case in this series. 
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THE SHOCK SYNDROME 


Since the earliest descriptions of tubal 
pregnancy as a clinical entity, syncope and 
shock of varying degree have been stressed 
as symptoms and findings of tubal abortion 
or rupture. It is true that they do not 
always occur, but it is equally true that the 
presence of momentary faintness, history 
of fainting or evidence of actual shock, 
occurring in a woman with a clinical 
picture compatible with such a diagnosis, 
is highly suggestive of tubal pregnancy. 
In many of these patients the cause of the 
shock syndrome exhibited is adequately 
explained by the severe intraperitoneal 
hemorrhage found at operation. In the 
experience of many surgeons, however, an 
occasional case stands out in bold relief 
because, in spite of unmistakable clinical 
evidence of severe shock preoperatively, at 
operation very little evidence of intra- 
abdominal hemorrhage as the etiologic 
factor is found. This experience has raised 
the question in the minds of some, whether 
in many or even most cases of tubal abor- 
tion exhibiting varying degrees of shock 
there is adequate explanation for the shock, 
in the blood lost from the circulation of the 
organism. 

In 1907, Hunter Robb showed that Like 
uterine and ovarian arteries and veins 
might be severed without killing experi- 
mental animals (cited by Gordon”). He 
concluded that rarely was the hemorrhage 
in ectopic rupture sufficient to cause death 
per se, but that death was due, in addition 
to shock, to manipulation and release of 
abdominal tension by laparotomy with the 
removal of accumulated large quantities of 
blood. These views of Robb’s, expressed 
before the general use of transfusion as a 
therapeutic measure, raised a bitter con- 
troversy over the advisability of immediate 
laparotomy in ectopic pregnancy. How- 
ever, this controversy has been almost 
forgotten, Robb’s experiments have never 
been demonstrated in the human subject, 
and his views have never been generally 
accepted, although never properly refuted. 
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With this background, the cases in this 

series exhibiting the shock syndrome in a 
moderate, marked or severe degree have 
been segregated and an attempt has been 
made to analyze both the evidence of shock 
on the one hand and of hemorrhage on the 
other, to see if any grossly appreciable 
disparity exists which might be interpreted 
as indicating that other factors than 
hemorrhage usually play a significant part 
in the production of the shock picture. 
' Before this is attempted, a brief discus- 
sion of shock in general is indicated. Moon** 
has expressed simply, a fundamental con- 
cept: “The shock syndrome results from a 
disparity between the volume of blood and 
the volume-capacity of the vascular sys- 
tem.” The result of such a comparative 
decrease in the volume of blood is varying 
degrees of rapid weak pulse, low blood 
pressure, rapid shallow respiration, faint- 
ness and syncope, decreased temperature 
and pallor with clammy skin. The causes 
of such a syndrome are many and varied. 
Blalock*’ classifies shock: (1) hematogenic 
type, in which the initial and most impor- 
tant change is a decrease in the volume of 
blood, the simplest example being uncom- 
plicated hemorrhage; (2) neurogenic type, 
in which the primary alteration is vaso- 
dilatation due to diminished constrictor 
tone, the result of influences acting through 
the nervous system; (3) vasogenic type, 
which is primarily vascular dilatation due 
to the action of various toxic agents 
directly on the vessels, illustrated by 
histamine shock; (4) cardiogenic type, in 
which, as rarely occurs, the primary 
disturbance is cardiac; and (4) unclassified 
conditions as loss of fluids from an exposed 
surface, profuse sweating or purging, etc. 

For practical purposes the cardiogenic 
and unclassified conditions may be ex- 
cluded from consideration as a cause of 
shock in cases of tubal rupture. There is, 
in all cases of tubal abortion or rupture, 
some loss of blood and no one will dispute 
that hematogenic shock exists to some 
degree at least. A neurogenic factor is 
possible in tubal rupture, since pain due to 
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peritoneal irritation by blood is usually 
present in lesser or greater degree. Since 
histamine and similar vasodilatory amines 
have been isolated from practically every 
tissue of the body® and appear to exist as a 
normal constituent of the wall, Guthrie® 
suggests that a vasogenic etiology for shock 
may be considered as a possibility m tubal 
abortion or rupture in which the fetal sac is 
extruded into the peritoneal cavity. These 
latter two factors, then, must be considered 
if blood loss is inadequate in any case to 
explain the degree of shock noted before 
operation. 

In this series, sixteen cases were con- 
sidered to present a clinical picture of more 
than mild shock. The degree was con- 
sidered, after a study of the material 
presented in the chart, to be moderate in 
seven cases, moderate to marked in two 
cases, marked in three, and severe or 
extreme in four. Eleven of these were 
pathologic tubal rupture and five were 
cases of tubal abortion. Table vu presents, 
on one side, the clinical evidence of shock, 
noting the presence of various symptoms 
and findings but not the degree, presents 
the preoperative blood pressure and. pulse 
and an estimate of the degree of shock. On 
the other side is presented the degree of 
vaginal bleeding, its continuity and dura- 
tion, and the surgeon’s estimate of the 
blood in the peritoneal cavity, as well as the 
preoperative erythrocyte count and hemo- 
globin determination. In no patients in 
this series exhibiting shock was there found 
at operation a small amount of bleeding 
intra-abdominally. In all but two cases the 
description of the blood intraperitoneally 
was “large hemorrhage,” “very large 
hemorrhage,” or “abdomen full of blood.” 
In the two cases in which the amount of 
blood was described as moderate, the 
description of the patient’s condition pre- 
operatively was such that the shock was 
classified as of moderate degree. Four cases 
were considered to be in severe shock. In 
three of these the operator stated the 
abdomen was “full of blood.” In the 
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fourth case a “large hemorrhage” was 
present. 

In general, the preoperative erythrocyte 
counts and hemoglobins were low enough 
to indicate severe loss of blood from the 
vascular system. It must be borne in mind, 
however, that in some patients operated on 
soon after a severe hemorrhage, both the 
picture of shock and the intraperitoneal 
hemorrhage are out of proportion to the 
red cell count and hemoglobin because 
sufficient time has not elapsed for dilution 
of the remaining cells in the vascular 
system. This was true in case 28 (Table 
vill), which exhibited fairly severe shock 
with a large hemorrhage due to rupture 
two and one-half hours before admission 
and prompt operation. These findings are 
in accord with the statement of Falk*? that 
it is usually in cases with rupture of the 
tube and sudden intraperitoneal hemor- 
rhage that collapse is exhibited, and with 
the idea of Gordon® that “shock and 
hemorrhage are synonymous” and of 
Litzenberg” that the “shock” in ruptured 
ectopics is a disturbance in the circulation 
due to the loss of blood. 


TREATMENT AND MORTALITY 


A discussion of the treatment of eccyesis 
does not come within the scope of this 
paper, and only a brief résumé of the treat- 
ment of the cases in this series will be given. 
The seventy-three cases of tubal pregnancy 
in this group all came to surgery. In 
general, operation was performed as soon 
as the diagnosis was made. The primary 
operation was right salpingo-odphorectomy 
in twenty-eight cases, right salpingectomy 
in ten, left salpingo-odphorectomy in 
twenty-eight, and left salpingectomy in 
seven cases. In twenty-two cases only the 
primary operation was done, except for 
three preliminary curettements. In five 
cases in which the condition of the patient 
and the pathology present warranted it, 
secondary surgery was carried out. In 
thirteen cases this secondary procedure 
was appendectomy alone. Intwenty-four 
cases the other tube or tube and ovary were 
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removed with or without appendectomy 
and/or other procedures, including uterine 
suspension, myomectomy or, in two cases, 
hysterectomy. In the remaining fourteen 
cases secondary surgery included hystero- 
pexy, colporrhaphy, trachelorrhaphy, with 
or without appendectomy. 

The appendix was removed in thirty- 
seven or just over 40 per cent of the cases. 
Despite the theoretical danger of infection 
from secondary appendectomy, no evi- 
dence of morbidity was noted directly 
attributable to this cause. In general, blood 
clots were removed and intraperitoneal 
blood aspirated, since it was considered 
this Ied to a smoother convalescence. 
Autotransfusion was utilized in only one 
case; this patient survived, but the imme- 
diate postoperative course was stormy, due 
in part, it was felt, to the autotransfusion. 
The anesthetic used in seventy-two cases 
was ethylene and in one case, spinal. Ten 
patients were transfused postoperatively 
one or more times. The average transfusion 
was 400 c.c., but in one case, 820 c.c. was 
given at one time. Fluids by proctoclysis 
and subcutaneous and intravenous infusion 
were utilized freely and intravenous acacia 
was given during operation or immediately 
postoperatively in a number of cases. 

These seventy-three patients were in the 
hospital an average of 18.4 days after 
operation. The average for those with tubal 
abortion and rupture was nineteen days 
and for those with an unruptured tubal 
gestation, sixteen days. The total period of 
hospitalization averaged somewhat more 
than this because of delay in arriving at a 
diagnosis in some instances. With the 
exception of secondary anemia, sixty-two 
patients had no postoperative complica- 
tions. Of the remaining eleven (all cases of 
tubal abortion or rupture) one patient had 
a severe pyelitis, one a pulmonary embolus, 
one ran a febrile course due to an infected 
hematocele, one had bronchitis, one had an 
acute intestinal obstruction necessitating 
jejunostomy on the fifth postoperative day, 
three had ileus of a mild degree responding 
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to conservative measures, and two had 
wound infections. 

One case terminated fatally on the third 
day. This patient, who had a tubal abor- 
tion, was returned from the operating room 
in good condition, but on the second post- 
operative day the pulse rose to 140 and 
subsequently became very weak and in- 
creasingly rapid, the respirations became 
shallow, face pale and then cyanotic. Death 
occurred about forty-eight hours after 
operation. Post-mortem examination re- 
vealed a large secondary intra-abdominal 
hemorrhage, apparently from the operative 
site, and pneumonia in both lower lobes. 
This constitutes a mortality of one in 
seventy-three consecutive cases, or a rate of 
1.37 per cent for this series. 

In Table 1x are summarized the mortali- 
ties in a number of series of ectopic preg- 
nancies reported during and since 1930. 
The composite mortality of 4.46 per cent 
for these 3,314 reported cases compares 
favorably with the composite series re- 
ported by McDonald* in 1923, 6,626 cases 
with a mortality of 7 per cent. 

TABLE Ix 


COMPARATIVE MORTALITY OF SERIES OF OVER FIFTY 
CASES REPORTED SINCE 1930 


No. Mor- 
Author of = - of | tality 
aths| Per 
Cases Cent 
Von Graff and Brown’........ 153 3 | 1.96 
474 14 | 2.95 
Koster and Sheinfield®......... 69 | 1.4 
James and Lafferty®........... 103 3 | 2.91 
Fitzgerald and Brewer*®....... 500] 39 | 7.8 
Ricci and DiPalma*.......... 100 9 | 9.0 
307 8 | 2.6 
486 8 1.64* 
3,314, 148 | 4.46 


* Two of deaths—unoperated cases. 
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SUMMARY 


This study is based on a review of avail- 
able recent current literature and on data 
derived from seventy-three cases of tubal 
pregnancy treated on the surgical service of 
the Guthrie Clinic and Robert Packer 
Hospital over a period of years from 
June 30, 1927 to April 30, 1938. 

A discussion of incidence, etiology and 
predisposing factors, and pathogenesis has 
been presented, based on both the con- 
clusions of other authors and the data in 
this series. 

Diagnosis is considered principally from 
the material in these seventy-three cases 
and a detailed analysis made of the symp- 
toms and findings in these cases. 

The shock syndrome is considered prin- 
cipally in relationship to its etiology in this 
series. 

Finally, a brief resumé of the treatment 
utilized in this series is presented with the 
morbidity and mortality of the series. The 
mortality is compared with other reported 
series in the literature. 


CONCLUSIONS 


The incidence of tubal pregnancy in this 
clinic was 1:58, which is not an accurate 
proportion between extra- and intra-uter- 
ine gestations in this community. 

The idea that preéxisting tubal infection 
is an important cause of tubal pregnancy is 
borne out in this series. In 65.8 per cent of 
the cases a definite history or findings of 
pelvic inflammation were obtained. No 
data can be offered in support of or in 
_disproof of endometrial tubal implants as 

an etiologic basis for tubal implantation. 

There is no evidence in the literature or 
in these cases that race is a predisposing 
factor of any importance. 

Tubal pregnancy may occur at any time 
during the child-bearing age. The decade of 
greatest incidence is between the ages of 
25 and 34 years, including 52.1 per cent 
of the cases in this series. 

The average marital period in these cases 
Is 9.74 years, confirming the idea that tubal 
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pregnancy most frequently occurs follow- 
ing an extended period of marriage. 

Of the cases in this series, 78.6 per cent 
had been previously pregnant an average of 
2.82 times; 21.4 per cent were nulliparous. 

In thirty-four cases in which the interval 
following the preceding pregnancy was 
noted, over 50 per cent of the patients 
had a secondary sterility of over three 
years. 

Tubal pregnancy recurs in patients with 
a previous ectopic gestation more fre- 
quently than in the general group of child- 
bearing women. Recurrence in this series 
was 4 per cent, which is in agreement with 
the majority of figures presented in the 
literature. 

After a careful classification of the cases 
in this series, the number of tubal abortions 
and of rupture was found to be the same, 
thirty-one cases of each. The least frequent 
finding at operation was an unruptured 
tubal gestation, 15 per cent in this series. 

No appreciable difference was noted as 
to the tube involved, being in thirty-eight 
cases right side and in thirty-five cases the 
left side. 

The diagnosis of tubal pregnancy is 
difficult and frequently missed. There was 
a diagnostic error in 32.8 per cent of these 
seventy-three cases. 

Pain is the most constant symptom of 
tubal pregnancy, present in all but one case 
in this series. The type and character of 
pain is roughly an index to the existing 
pathology. Referred pain does not occur or 
is very infrequent in unruptured cases. 

Amenorrhea was present in 56.7 per cent 
of this series, averaging twenty days. The 
average period of amenorrhea was longer 
by ten days in cases of tubal rupture than 
of tubal abortion. 

Abnormal external bleeding occurred in 
81.4 per cent of these cases, beginning an 
average of 23.5 days before operation and 
continuing as a more or less uninterrupted 
flow of small amount in the majority of 


cases. 
Subjective symptoms of pregnancy were 
infrequent. Nausea and vomiting occurred 
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in forty-three of seventy-three cases but 
usually followed pain of some severity. 

Symptoms and signs of syncope and 
shock were almost limited to cases in which 
tubal abortion or rupture was the finding. 

The average blood pressure readings 
were lowest in cases of tubal rupture and 
essentially normal in unruptured cases. 
The converse was true in respect to the 
pulse rate. 

Temperature readings vary consider- 
ably, depending on whether the patient is 
in severe shock or has had a recent hemor- 
rhage. The temperature tends to rise 
moderately immediately following an intra- 
peritoneal hemorrhage. This rise is usually 
not over 2 or 214 degrees. 

Abdominal tenderness is an almost 
constant finding in tubal pregnancy, speci- 
fied as absent in only two unruptured cases 
and in one case of tubal abortion in this 
series. Tenderness is most frequently gen- 
eral across the lower abdomen in cases with 
intraperitoneal hemorrhage and localized 
to the quadrant involved in unruptured 
cases. 

Rigidity was an infrequent finding in 
this series, present in only nine cases of 
tubal abortion and rupture. Distention of 
some degree was found in 20 per cent of the 
cases reviewed. 

Cullen’s sign is rarely seen; it was noted 
in one patient in this group. 

Pelvic tenderness on bimanual examina- 
tion was specified as absent in only one 
case. The tenderness was most marked 
throughout the pelvis in most cases of 
rupture and some of tubal abortion, 
whereas it was usually localized to the side 
involved in unruptured tubal pregnancy. 

A mass was palpated in 68 per cent of 
the cases in which the pelvic examination 
was described, least often in cases of tubal 
rupture. 

Forty-one per cent of this series showed 
softening of the cervix, enlargement of the 
uterus, or both. 

The laboratory was of aid principally 
in the determination of leucocytes, the 
erythrocytic count and hemoglobin. The 
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Friedman test was positive in the six cases 
in which it was done in this series. Dilata- 
tion and curettage were used as a diag- 
nostic procedure in ten cases in this series 
to advantage. There is little real contra- 
indication to its use. 

No doubt there are occasional cases of 
ectopic pregnancy in which hemorrhage 
alone will not explain the shock manifested 
clinically, and in these cases a neurogenic 
or vasogenic explanation of the shock 
picture is necessary, but in this study 
there were no patients exhibiting marked 
or severe shock who did not have evi- 
dence of marked or severe intraperitoneal 
hemorrhage. 

In this series of seventy-three cases, the 
mortality was 1.37 per cent, which com- 
pares favorably with other series reported 
in the literature. 
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NEWER ASPECTS IN THE TREATMENT OF VAGINITIS IN 
CHILDREN* 


Rose H. Anpr#, M.D. 


NEW YORK CITY 


HIS is not an attempt to review the 

entire subject of vaginitis in children, 

but rather to point out a few impor- 
tant aspects in the examination and treat- 
ment of these cases. While marked progress 
has been made recently in this field, there is 
still a great diversity of opinion as to the 
site of infection, the duration of its con- 
tagiousness and the criteria of cure. The 
already large number of methods of treat- 
ment have lately been increased, which is 
evidence of the fact that no absolutely 
satisfactory method has yet been found. 

In 1935, we reported on a very small 
group of cases (fourteen), including gonor- 
rheal and nonspecific types, treated chiefly 
by theelin and fulguration. The results 
were fair; however, it was difficult to form 
a definite opinion as to the value of these 
methods. In May, 1938 we reported on a 
larger series (sixteen gonorrheal and 140 
nonspecific cases), the specific cases being 
treated chiefly with larger doses of the 
estrogenic substance intramuscularly (av- 
erage total dose 100,000 I.U.). One of the 
persistent cases with considerable cervical 
involvement was fulgurated through the 
Butterfield vaginoscope. Three of the 
series received a second course of injections, 
and one patient required a fourth course of 
treatment, in addition to two fulgurations. 
In general, the average length of treatment 
required for cure (that is, four negative 
smears and cultures) in this series was 
about six weeks. This group did not show 
the same rapid cures and results that other 
observers have obtained. 

Method of Examination. In studying 
the cases in this clinic, the following routine 
has been adopted. After obtaining a careful 
history from the child’s parent or guardian 
as to duration of condition, possible source 


of infection, etc., inspection of the external 
parts is followed by the taking of cultures 
and smears (in that order). In the gonor- 
rheal cases, where estrogenic substance is 
to be used, daily smears of the vaginal 
epithelium, according to the method of 
Papanicolau, are made before, during and 
after treatment. 

The method of taking smears and cul- 
tures, we feel, is most important. It is done 
by means of a small curved glass urethral 
catheter (size 14 or smaller), with several 
small holes at its end, containing a few 
drops of sterile physiologic saline in the tip, 
in order to dilute the vaginal secretion. 
This catheter is passed well into the vagina 
and up to the cervix, held in place a 
moment, then rotated. The material is then 
immediately transplanted to blood and 
ascitic agar plates by the technician, who 
is always present in the clinic. In suspected 
gonorrheal cases or where there is a special 
indication, urethral and rectal smears and 
cultures are similarly taken. The advan- 
tages of this method over the cotton swab 
are obvious, since there is no breaking up 
of cells, smears can be made very thin and 
the process is much less painful even to 
infants. 

Method of Vaginoscopy. Following ex- 
ternal and bacteriologic examination, we 
proceed to the endoscopic examination. 
This is performed through the Butterfield 
vaginoscope, an instrument devised and 
constructed to permit direct visualization 
and treatment of the vagina and cervix in 
infants and children. It resembles in its 
construction the McCarthy cystoscope, 
except for its shorter length, a No. 18 
French straight sheath with a working 
length of 314 inches (desirable because it 
permits a larger field of view and closer 


* Presented before the Section of Genitourinary Surgery, New York Academy of Medicine, November 16, 1938. 
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The instrument is carefully introduced 


irrigation is maintained through two stop- after being tested and completely connected 


cocks. It can be adjusted to any universal 
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Fic. 1. Appearance of cervix and vagina in a 5 year old colored girl with chronic 
gonorrheal vaginitis and cervicitis. a, after treatment with theelin. B, after 


fulguration through vaginoscope. 


light carrier. There is a single channel 
provided for an electrode. The technique 
for using this instrument is similar to that 
of any cystoscope or urethroscope. Its use is 
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the patient is secured where possible, by 
breathing through the mouth, etc. There 
appears to be no difficulty in making 
these vaginoscopic examinations, even in 
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Fic. 2. a, Butterfield vaginoscope. B, vaginoscope in place. 


twofold: (a) for examination of the vaginal 
mucous membrane, glands of the cervix 
and vagina; (b) for treatment of these 
infected glands, cysts and erosions. 


the smallest infants (the youngest infant 
we examined was four weeks old). It is 
important for the observer to protect his 
eyes by wearing glasses. 
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We feel that the cervix should be 
examined in all cases when possible, as 
there is usually involvement of the vaginal 
portion in all acute infections. It is usually 
edematous, hyperemic with ectropion and 
erosions present. In the chronic stage, the 
cervix may be diffusely involved or there 
may be only small punctate hemorrhagic 
areas. Since cervicitis has been found to be 
one of the most common complications and 
causes of recurrence, we have included 
routine vaginoscopic examination as a part 
of every study. In this clinic from 1935 to 
1938 the cervix and vagina have been 
examined routinely with no ill effects in 
269 cases, of which twenty-five were 
gonococcal. This observation is of special 
value in cases which have relapsed and in 
those which fail to clear up readily. 

Further Routine Studies. These include: 
examination of the pu of the vaginal 
secretions by the Nitrazene method, rou- 
tine general physical examinations done 
regularly by the pediatrician, routine urine 
examinations (catheterized, when _indi- 
cated), Wassermann and Kline tests, blood 
complement fixation. Such tests assist 
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doses continued over a long period. The 
dosage in these patients is best controlled 
by daily and weekly examination of the 
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Fic. 3. Appearance of cervix and vagina in a 4 
year old girl with acute gonorrheal vaginitis 
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epithelial smears (Papanicolau), for evalua- 
tion as to cornification, leucocytes, types 
of cells, etc. The nonspecific cases are 
treated chiefly conservatively, according to 
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Fic. 4. Appearance of cervix in a 7 year old girl with chronic nonspecific 
vaginitis before and after fulguration through the vaginoscope. 


greatly in completing the picture and 
should be a part of every case study. 
Treatment. The present routine for the 
specific cases consists of estrogenic sub- 
stance (chiefly amniotin), administered 
either by intramuscular injection, or vagi- 
nal suppositories, the best results being 
obtained by the injection method in larger 


their etiology, bacteriology, etc. General 
treatment, with as little as possible locally 
(except external hygiene, sitz-baths, etc.) 
appears to take care of the great majority. 
Many cases are very mild, requiring little 
or no treatment. We feel that there may be 
a danger in over-treatment of these 
patients. The more severe of these cases are 
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approximation). It has a rubber disc, and 
irrigation is maintained through two stop- 
cocks. It can be adjusted to any universal 
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as to water and light. The coéperation of 
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Fic. 1. Appearance of cervix and vagina in a 5 year old colored girl with chronic 
gonorrheal vaginitis and cervicitis. A, after treatment with theelin. B, after 
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light carrier. There is a single channel 
provided for an electrode. The technique 
for using this instrument is similar to that 
of any cystoscope or urethroscope. Its use is 
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twofold: (a) for examination of the vaginal 
mucous membrane, glands of the cervix 
and vagina; (b) for treatment of these 
infected glands, cysts and erosions. 


the patient is secured where possible, by 
breathing through the mouth, etc. There 
appears to be no difficulty in making 
these vaginoscopic examinations, even in 
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the smallest infants (the youngest infant 
we examined was four weeks old). It is 
important for the observer to protect his 
eyes by wearing glasses. 
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We feel that the cervix should be 
examined in all cases when possible, as 
there is usually involvement of the vaginal 
portion in all acute infections. It is usually 
edematous, hyperemic with ectropion and 
erosions present. In the chronic stage, the 
cervix may be diffusely involved or there 
may be only small punctate hemorrhagic 
areas. Since cervicitis has been found to be 
one of the most common complications and 
causes of recurrence, we have included 
routine vaginoscopic examination as a part 
of every study. In this clinic from 1935 to 
1938 the cervix and vagina have been 
examined routinely with no ill effects in 
269 cases, of which twenty-five were 
gonococcal. This observation is of special 
value in cases which have relapsed and in 
those which fail to clear up readily. 

Further Routine Studies. These include: 
examination of the pH of the vaginal 
secretions by the Nitrazene method, rou- 
tine general physical examinations done 
regularly by the pediatrician, routine urine 
examinations (catheterized, when indi- 
cated), Wassermann and Kline tests, blood 
complement fixation. Such tests assist 
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dosage in these patients is best controlled 
by daily and weekly examination of the 


fweek after treatment 


Appearance on 
with 


admission 


Appearance after 


negative Smears. 


Fic. 3. Appearance of cervix and vagina in a 4 
year old girl with acute gonorrheal vaginitis 
and cervicitis, before and after treatment with 
amniotin. 


epithelial smears (Papanicolau), for evalua- 
tion as to cornification, leucocytes, types 
of cells, etc. The nonspecific cases are 
treated chiefly conservatively, according to 
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greatly in completing the picture and 
should be a part of every case study. 
Treatment. The present routine for the 
specific cases consists of estrogenic sub- 
stance (chiefly amniotin), administered 
either by intramuscular injection, or vagi- 
nal suppositories, the best results being 
obtained by the injection method in larger 


their etiology, bacteriology, etc. General 
treatment, with as little as possible locally 
(except external hygiene, sitz-baths, etc.) 
appears to take care of the great majority. 
Many cases are very mild, requiring little 
or no treatment. We feel that there may be 
a danger in over-treatment of these 
patients. The more severe of these cases are 
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treated as the gonorrheal group, nine 
having benefited by estrin therapy. Ful- 
guration through the vaginoscope in the 
cases with cervical and glandular involve- 
ment of a chronic nature, seemed to be 
curative in several patients. 

Observation at frequent regular intervals 
in all the cases treated in this clinic has 
proved to be a most important phase of 
treatment. 


CONCLUSIONS 


1. We emphasize the great necessity for 
earnest codperation of all departments 
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concerned—the pediatrician, bacteriologist, 
histologist, endocrinologist, genitourolo- 
gist, nurse, psychiatrist, social service 
department and the department of health 
—for the treatment of these cases. 

2. We have shown a method for obtain- 
ing material for examination. 

3. The method of endoscopic exam- 
ination with the Butterfield instrument 
(vaginoscope) facilitates study and aids in 
the treatment of these children. 

4. The best results in the specific cases 
have been obtained with estrogenic sub- 
stance administered intramuscularly in 
large doses over a longer period. | 


CORRECTION 


Dr. Samuel R. M. Reynolds, who wrote 
an article entitled “Gynecic Physiology 
and the Gynecologist,” published in our 
April, 1940 issue, wishes to correct a state- 
ment made in that article. On page 179, 
second paragraph, starting on line seven- 


teen, the sentence should have read “‘es-. 
tradiol benzoate is about six times as 
potent as estrone in m.e.d., and it gives a 
much more prolonged response than the 
latter.” 
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VAGINAL HERNIA 


ABRAHAM QO. WILENSKY, M.D. AND PauL A. KAUFMAN, M.D. 


NEW YORK CITY 


HEN a rare condition can readily 

be confused with a very common 

one, an added trap is set for the un- 
wary in the already complicated jungle of 
gynecological diagnosis. Posterior vaginal 
enterocele represents such a problem; for, 
were it not superficially similar to the 
universally familiar rectocele, it would be 
recognized far more often than it is in spite 
of its relaitve rarity. Its diagnosis is most 
often missed, as many a surgeon will admit, 
simply because it is not thought of. The 
rectocele which often accompanies a true 
vaginal hernia is then thought to be the 
only anatomic defect, with the result that 
the presence of the hernia is either unex- 
pectedly discovered during the perineor- 
rhaphy, or, perhaps, not recognized at all, 
resulting in an inevitable prompt post- 
operative “recurrence.” For these reasons 
this communication is intended to direct 
attention to vaginal herniae and to review 
the accumulated experience regarding its 
diagnosis and treatment. 

Historical. The first instance of vaginal 
hernia was recorded by de Garengeot! in 
1743. The second case was discovered by 
Sir Astley Cooper in 1804. Isolated case 
reports followed at infrequent intervals, 
the first case treated operatively being 
reported and the first review of the litera- 
ture being made in 1885 by Thomas. More 
recently larger numbers of these cases have 
been recognized, so that by 1932 Bueer- 
mann’ was able to collect a total of eighty- 
six cases after an exhaustive survey of the 
literature. Since then nine additional in- 
stances have been reported, which, together 
with our own case, bring the total up to 
ninety-six. Undoubtedly many cases have 
not been recognized; and, as more careful 
and accurate diagnoses are made, vaginal 
hernia will be found to be more prevalent 
than these figures would indicate. 


Anatomy. Vaginal herniae are, anatom- 
ically, entirely concerned with the pelvic 
diaphragm which, as the floor of the 
abdominopelvic cavity, is called upon to 
sustain a large part of the weight of the 
abdominal viscera and to withstand the 
varying degrees of intra-abdominal pres- 
sure. This structure consists of the levator 
ani and coccygeus muscles with their 
enveloping layers of pelvic fascia. The 
pelvic fascia is a continuation of the 
transversalis fascia of the abdomen which 
descends into the pelvis as a single sheet 
down to the line of origin of the levator ani 
muscle from the anterior and lateral pelvic 
walls. At this level the pelvic fascia divides 
into two. The visceral layer, which proceeds 
over the superior surface of the levator ani 
muscles as the superior fascia of the pelvic 
diaphragm invests the various pelvic or- 
gans. The parietal layer descends further 
into the pelvis on the inner surface of 
the pelvic parietes. Immediately below the 
level of origin of the levator ani muscle the 
parietal Iayer of the pelvic fascia in turn 
divides into two diverging layers, the 
mesial portion proceeding under the in- 
ferior surface of the levator ani muscle as 
the ischiorectal fascia or the inferior fascia 
of the pelvic diaphragm, and the lateral 
portion continuing to line the pelvic cavity 
as the obturator fascia. It is thus seen that 
the pelvic diaphragm consists of a muscular 
layer sandwiched between two layers of 
fascia, blending in turn with the fascial 
envelopes of the three tubular structures 
which pierce it (i.e., urethra, vagina, and 
rectum). 

At various regions there are localized 
thickenings of the visceral layer of the 
pelvic fascia which are designated as 
ligaments. Among the more important of 
such condensations are the sacrouterine 
ligaments, the transverse ligament of the 
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cervix, and the pubovesical ligaments. 
Blaisdell* has designated as the ligamenta 
plicovaginalia a condensation of the endo- 
pelvic fascia which curves downward from 
the sacrouterine ligaments on either side 
along the sides of the cul-de-sac of Douglas 
to end in the fascia of the vaginal vault. 

Classification. Taken in its broadest 
sense, a hernia is an abnormal protrusion of 
any part of the body. While one usually 
associates the concept of an abdominal 
hernia with the presence of a peritoneal 
pouch or sac, a moment’s reflection will 
bring to mind instances of extraperitoneal 
hernia of, for example, the bladder, in which 
no peritoneal sac may be present. Viewed 
in this light, the ordinary type of vaginal 
urethrocele, cystocele and rectocele may 
and should properly be termed extraperi- 
toneal vaginal herniae. This was recognized 
by McGuire’ who sought to emphasize 
the feature of a peritoneal sac in his case 
of vaginal hernia by calling it a “true” 
vaginal hernia. The latter designation, 
however, is not a happy one, because the 
extraperitoneal position of a protrusion 
does not make it any less “true” than one 
with a well formed peritoneal sac. 

Young’ used the term vaginal enterocele 
to point out by inference that the hernial 
protrusion included a peritoneal sac, for 
otherwise it could not contain loops of 
small bowel. This term is not sufficiently 
comprehensive, however, for undoubtedly 
many of these herniae contain omentum, 
ovaries, or other intraperitoneal structures 
not covered by the term enterocele. 
Phaneuf’ has suggested the term hernia of 
the cul-de-sac of Douglas as perhaps the 
least misleading and most satisfactory one. 
It must, however, be noted that a hernia 
of the pouch of Douglas does not neces- 
sarily need to appear in the vagina but may 
bulge into the perineum as a perineal 
hernia or into the anterior rectal wall as a 
hedrocele. Furthermore this designation 
naturally does not include the anterior 
types of peritoneal vaginal hernia in which 
the vesicouterine rather than the recto- 
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uterine pouch participates in the formation 
of the hernial sac. 
In view of these difficulties of nomencla- 
ture, the following classification of pelvic 
herniae is suggested as perhaps the most 
workable one: 
A. Extraperitoneal herniae: 
1. Urethrocele. 
2. Cystocele. 
3. Rectocele. 
B. Peritoneal vaginal herniae: 
1. Anterior. 
2. Posterior. 
3. Lateral anterior. 
4. Lateral posterior. 
5. Postoperative. 
C. Perineal hernia. 
D. Hedrocele. 
E. Pudendal hernia. 
F, Pelvic quasi-herniae: 
1. Marked uterine prolapse. 
2. Marked rectal prolapse. 
Urethrocele, cystocele, and rectocele are 
too well known to warrant any further 
description here. An anterior peritoneal 
vaginal hernia presents in the midline of the 
anterior vaginal fornix, the peritoneal sac 
communicating directly with the vesico- 
uterine pouch. The posterior peritoneal 
vaginal hernia which presents through the 
posterior vaginal fornix is the much com- 
moner type, occurring about sixteen times 
as frequently as the anterior variety. Here 
the peritoneal pouch is either a direct 
prolongation of, or communicates with the 
cul-de-sac of Douglas. Lateral peritoneal 
vaginal herniae are quite rare, the only 
four recorded cases being reported by 
de Modena,’ Etheridge,? Hansen,’ and 
Thomas.? They enter the vagina through 
the lateral fornices and are subclassified 
as anterior or posterior depending upon 
whether _ their peritoneal openings are 
anterior or posterior to the broad liga- 
ments. In the postoperative types the 
anatomic landmarks are usually distorted 
by a previous hysterectomy with a tend- 
ency toward fusion of what would other- 
wise have been purely anterior or posterior 
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Perineal hernia is closely related to 
posterior peritoneal vaginal hernia in that 
Its peritoneal sac is also continuous with 
the pouch of Douglas. The fundus of the 
sac, however, dissects its way between the 
rectum and vagina to present as a bulge in 
the perineum rather than in the vagina it- 
self. Moschcowitz"! described the character- 
istics of this rare type of hernia in a review 
of twenty-five cases collected from the 
literature. 

A hedrocele is likewise lined by a peri- 
toneal sac continuous with the pouch of 
Douglas. In this type of hernia, however, 
the fundus of the sac neither prolapses into 
the vagina through the posterior vaginal 
wall nor does it dissect between the rectum 
and vagina to appear in the perineum. 
Instead it protrudes posteriorly through 
the anterior rectal wall to prolapse into the 
lumen of the rectum and at times to 
extrude through the anus itself as a polyp- 
like structure. The genetic relationships of 
posterior peritoneal vaginal hernia, perineal 
hernia, and hedrocele are apparent from a 
study of the accompanying diagrams and 
they are further emphasized by Zucker- 
kandl’s!2 case which simultaneously or 
alternately presented the features of a 
posterior peritoneal vaginal hernia and a 
hedrocele. 

Pudendal hernia is not a midline hernia. 
It is characterized by a peritoneal sac 
dissecting forward in the pelvis through a 
defect in the anterior portion of the pelvic 
diaphragm between the vagina and the 
ischium to present in the labium majus 
where it is covered laterally by the skin 
and medially by the vaginal mucous mem- 
brane. This condition is quite rare, only 
thirteen cases having been collected from 
the literature by Chase.!* While the hernia- 
tion has a vaginal aspect, it never prolapses 
into the lumen of the vagina and may not 
therefore be classified as a true vaginal 
hernia. 

Extensive uterine and rectal prolapses 
are classified as quasi-herniae; for, while it 
is true that they are accompanied by a 
peritoneal pouch extending beyond the 
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normal confines of the body, this peritoneal 
participation is purely secondary to the 
extensive descent of the uterus or rectum. 
Furthermore the peritoneal outpouching is 
of a widespread character and may be more 
readily compared with the abdominal pro- 
trusion in diastasis recti than to an actual 
local herniation as in ventral hernia. 

Etiology. A review of the reported cases 
of vaginal hernia reveals no significant clues 
as to its etiology on the basis of age 
distribution. The condition is found in 
practically every decade of life, most fre- 
quently, however, in early middle age. 
Congenital factors have been considered by 
Zuckerkandl'? who made an extensive 
study of the development of the pouch of 
Douglas. According to this investigator the 
cul-de-sac normally extends down to the 
levatores ani in the fetus, its depth gradu- 
ally decreasing from this time until puberty 
when it recedes to the level of the second or 
third sacral vertebra. Should this ascent of 
the Douglas not occur, an important 
congenital factor predisposing to a poste- 
rior peritoneal vaginal hernia becomes 
operative. Jones'‘ also stresses this point, 
but states that in addition to the con- 
genitally deep cul-de-sac there is another 
type of congenital defect in which there is a 
localized weakness or absence of the pelvic 
fascia allowing a small protrusion of a 
peritoneal sac below the level of an other- 
wise normally situated pouch of Douglas. 
This contention is supported by the occa- 
sional operative finding of a relatively 
small neck of the peritoneal sac at its point 
of communication with the pouch of 
Douglas rather than a direct wide con- 
tinuation of the latter with the hernial sac 
proper. Dew" specifically mentions con- 
genital absence or underdevelopment of the 
plicovaginal portion of the endopelvic 
fascia as a factor in the etiology of vaginal 
hernia. 

The most important acquired factor 
which enters into the etiology of peritoneal 
vaginal hernia, is parity. This is not the only 
factor, however, as is demonstrated in the 
four cases reported by Bueermann® which 
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occurred in nulliparous women. Parity may 
cause (1) weakening of the pelvic fascia by 
the effect of prolonged labor, or by the 


Fic. 1. Normal relations at female pelvic out- 
let. RCTM, rectum; UT, uterus; VA, vagina; 
BL, bladder; pu, pubis; ur, urethra. 


subinvolution of the pelvic fascia following 
delivery; and (2) some subparietal lacera- 
tion of the pelvic floor structure. In either 
case the fascial support at the bottom of the 
cul-de-sac becomes inadequate and the her- 
nial protrusion of the peritoneum follows. 

Huet!* has suggested that uterine pro- 
lapse may cause peritoneal vaginal hernia 
by pulling down the peritoneum with it in 
its descent. In this type of case, if the 
prolapse is cured by operative measures, 
the peritoneal sac previously pulled down 
then remains as a peritoneal vaginal 
hernia. This may be so in those cases asso- 
ciated with uterine prolapse: but there are 
other instances on record in which there 
was no accompanying procidentia so that 
even the theoretical application of this 
hypothesis is extremely limited. 

Sterns” and others have reported a few 
cases in which ascites was present in 
individuals with peritoneal vaginal hernia. 
They suggest that the weight of the peri- 
toneal fluid is transmitted directly to the 
pouch of Douglas and in this way aggra- 
vates any previous congenital or acquired 
tendency toward the formation of a hernial 
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protrusion. Ascites by itself could scarcely 
be considered a direct cause of the hernia, 
however; otherwise it would be found far 


Fic. 2. Diagrammatic representation of 
cystocele and rectocele. RcTM, rectum; UT, 
uterus; VA, vagina; BL, bladder; pu, pubis; 
CYSTCL, cystocele; RCTCL, rectocele; UR, 
urethra. 


more frequently in view of the prevalence 
of ascites in portal cirrhosis, cardiac failure, 
nephrosis, peritoneal carcinomatosis, and in 
other conditions. 

Symptomatology and Diagnosis. Peri- 
toneal vaginal hernia comes to the atten- 
tion of the patient as a painless reducible 
mass appearing in the vagina on straining. 
Frequently there is a history that the 
patient has undergone one or more vaginal 
operations for rectocele with a prompt 
“recurrence” of the protrusion. If un- 
treated, the hernia becomes progressively 
larger, pushing its way through the in- 
troitus to appear as a globular mass 
between the thighs. In this location it 
naturally causes considerable discomfort 
and is accompanied by a varying amount 
of discharge when its mucosal covering 
becomes inflamed or ulcerated. The patient 
generally seeks relief before this stage is 
reached, although Phaneuf’ has reported 
one case in which the vaginal hernia 
achieved the dimensions of a fetal head 
before operation was performed. Careful 
inspection of the mass occasionally reveals 
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the peristalitic waves of the contained loops 
of bowel. The hernia is generally spontane- 
ously reducible with a characteristic gur- 


Fic. 3. Diagrammatic representation of 
posterior vaginal hernia. RcTM, rectum; 
UT, uterus; BL, bladder; pu, pubis; pvn, 
posterior vaginal hernia; va, vagina. 


gling sound when the patient reclines. 
Examination reveals a distinct hiatus in 
the pelvic fascia at the posterior, anterior 
or lateral vaginal fornix. A finger inserted 
into this ring easily detects a bulge and an 
impulse on coughing. 

Large peritoneal vaginal herniae are 
relatively easy to diagnose, but it is the 
smaller posterior type which frequently 
escapes detection. Here the usual vaginal 
examination in the lithotomy position 
reveals a definite bulge of the posterior 
vaginal wall on straining closely resembling 
that of an ordinary rectocele. To make 
matters more difficult the latter frequently 
coexists. The differentiation is easily made, 
however, by the simple expedient of placing 
a finger in the rectum at the same time that 
the patient is straining. It then becomes 
apparent that the bulge of the posterior 
vaginal wall is not accompanied by a 
corresponding bulge of the anterior rectal 
wall as would be the case in an ordinary 
rectocele. 

Miles®* has pointed out that a peritoneal 
vaginal hernia could be confused with a 
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cyst of the ampulla of Gartner’s duct, 
which could likewise be reduced by pres- 
sure, the fluid returning along the duct to a 


Fic. 4. Diagrammatic representation of 
anterior peritoneal vaginal hernia. 
RCTM, rectum; UT, uterus; vA, vagina; 
BL, bladder; pu, pubis; avu, anterior 
vaginal hernia; uR, urethra; vA, vagina. 


cyst of the parovarium in the broad 
ligament. Confusion with other conditions 
is more likely, though rare, when the hernia 
becomes incarcerated. 

In Sweetser’s’® case the hernial sac 
contained a pint of serous fluid which 
was partially walled off above. Sweetser 
thought he was dealing with a cyst until 
laparotomy revealed the true nature of the 
condition. 

Gunz” incised an inflamed vaginal 
hernia with fatal result while under the 
impression that it was an abscess. 

Michelson and Lukin?! cite a case in 
which a small vaginal hernia was mistaken 
for a uterine polyp. Removal of the 
“polyp” resulted in injury to contained 
bowel with prompt peritonitis and death. 

Such gross errors of diagnosis are rarely 
made at present, however, the most com- 
mon mistake being the failure to recognize 
the presence of the lesion altogether. 

Complications. 1. Incarceration. Incar- 
ceration of a vaginal hernia is relatively 
rare due to the width of the sac at its neck. 
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The complication can, however, occur as is 
demonstrated by the following cases: 
Barker’s”? patient was a woman who 


Fic. 5. Diagrammatic representation of 


perineal hernia. RcTM, rectum; UT, 
uterus; BL, bladder; pu, pubis; PRNLH, 
perineal hernia; ur, urethra; va, vagina. 


experienced recurrent attacks of intestinal 
colic associated with incarceration of a 
vaginal hernia. Symptoms were promptly 
relieved each time by manual reduction of 
the hernia. 

In another case in Bueermann’s series, 
incarceration resulted fatally. 

Incarceration during Labor. Incarcera- 
tion is more likely to occur during and to 
complicate labor, when the fetal head 
impinges upon the neck of the sac and 
prevents reduction of the hernia while the 
hernia in turn prevents further descent 
of the presenting part. 

Barker treated such a condition by 
disengaging the head manually, reducing 
the hernia, and then allowing the head to 
reéngage, after which a normal delivery 
followed. 

In Taylor’s case, the vaginal hernia 
reduced itself spontaneously during labor, 
much to the relief of the obstetrician. 

Rouville, Villa and Lafourcade* record a 
unique experience in a patient in whom a 
peritoneal vaginal hernia present in the 
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early months of pregnancy, disappeared 
spontaneously in the later months only to 
reappear promptly after delivery. 


Fic. 6. Diagrammatic representation of 
hedrocele. RCTM, rectum; UT, uterus; BL, 
bladder; pu, pubis; HpRcL, hedrocele; ur, 
urethra; vA, vagina. 


These investigators attributed this phe- 
nomenon to the increase in size of the 
uterus which, in rising out of the pelvis was 
more able to shield the pelvis from the 
intra-abdominal pressure. It is more likely, 
however, that the effect was produced by 
the pushing of the omentum and intestinal 
loops out of the pelvis so that, in the 
absence of free peritoneal fluid, there was 
nothing in the pelvis which could gain 
access to the hernial sac. Following delivery 
the omentum and intestines again de- 
scended into the pelvis with prompt reap- 
pearance of the hernia. 

In addition to the incarcerated cases, the 
presence of the vaginal hernia acted as a 
complication in other cases of labor to 
produce dystocia of varying degrees. This 
occurred in ten of the fifty-nine cases 
reported by Bueermann. 

2. Rupture of a Vaginal Hernia with and 
without Evisceration. The following rare 
accidents have been reported with vaginal 
hernia: (a) rupture of the hernial sac 
externally; (b) rupture of the hernial sac 
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the hernial contents. 


Fic. 7. Diagrammatic representation of 
pelvic quasi hernia due to extensive 
uterine prolapse. RCTM, rectum; UT, 
uterus; BL, bladder; Pu, pubis; ur, 
urethra; vA, vagina; PRLPS, quasi hernia 
accompanying extensive uterine pro- 
lapse. 


should be considered together. The acci- 
cent has resulted following direct trauma 
and indirectly after straining, etc. 

In Rieunau’s* case evisceration occurred 
through the rupture of a peritoneal vaginal 
hernia. A prompt laparotomy resulted in a 
cure. 

A third accident is: (c) subparietal rup- 
ture of the bowel contained in a vaginal 
hernia. Rupture of one or more intestinal 
loops within an intact vaginal hernia 
may result from either direct or indirect 
violence. 

Huet!® reports a case in which a direct 
injury to the hernia resulted in intestinal 
rupture with peritonitis and death. 

Birchenall’s”* case occurred by indirect 
violence. The patient, a 63 year old woman 
with a vaginal hernia, experienced sudden 
severe abdominal pain, shock and vomiting 
on bending forward suddenly. Following 
recovery from the initial shock she felt 
well until the next day when a sudden 
adverse change in her condition occurred 
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externally with evisceration or prolapse of 
These accidents 
invariably happen together so that they 
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with secondary shock and death. The 
post-mortem examination revealed a free 
perforation about 0.5 cm. in diameter in 


Fic. 8. Diagrammatic representation of 
postoperative peritoneal vaginal her- 
nia. RCTM, rectum: POVH, postoperative 
vaginal hernia; Bi, bladder; pu, pubis; 
UR, urethra; VA, vagina. 


one of the loops of the ileum. Birschenall 
was unable to explain the mechanism of 
subparietal intestinal rupture at that time. 
Subsequent studies of intestinal rupture 
due to muscular effort?” have demonstrated 
that the sudden increase in intra-abdomi- 
nal pressure was responsible for a blowout 
of the intestinal loop lying opposite the 
neck of the hernial sac. 

Treatment. It was realized very early 
that the treatment of peritoneal vaginal 
hernia could only be surgical. All attempts 
at control of the mass by the use of various 
pessaries were unsuccessful. Numerous 
ingenious operative procedures have been 
devised to cope with this condition and to 
this day there is still considerable diversity 
of opinion as to their relative merits. For 
the sake of clarity of exposition we have 
classified their operations into seven groups 
which will be described in turn. 

1. Elimination of the Peritoneal Sac by 
Turning It Inside Out by the Abdominal 
Route. This was the first mode of surgical 
attack and was attempted in 1885 by 
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Thomas.” The condition, as demonstrated 
during the operation by Thomas, was an 
anterior vaginal hernia. A number of 
sutures were passed from the fundus of the 
hernial sac to the parital peritoneum of the 
anterior abdominal wall at a level which 
compelled the eversion of the sac when the 
sutures were tied. 

Williamson’s* case was a postoperative 
peritoneal vaginal hernia (following hyster- 
ectomy) in which the extreme form of 
vaginal hernia had resulted in an almost 
complete eversion of the vagina. Colpopexy 
was effected by passing a suture through 
the bottom of the peritoneal sac, through 
the submucosa of the vaginal vault and 
attaching it high up on the anterior 
abdominal wall: When tied, the stitch lifted 
up the vaginal vault and everted the peri- 
toneal sac at the same time. 

2. Elimination of .the Hernial Sac by 
Turning It Inside Out by the Vaginal Route. 
Hundley” devised a vaginal operation 
based upon a similar principle which is 
even more ingenious. The patient had a 
posterior vaginal hernia combined with a 
uterine prolapse. The usual type of vaginal 
interposition operation was done as the 
first step in the operation. After the fundus 
of the uterus had been fixed anteriorly, the 
operator placed a finger in the vagina, 
reduced the posterior vaginal hernia, con- 
tinued pushing the finger through the 
hernial ring in the posterior vaginal fornix 
and succeeded in turning the hernial sac 
inside out. By flexing the finger he then 
brought the bottom (apex) of the sac into 
the anterior peritoneal wound above the 
interposed uterus. The apex of the everted 
peritoneal sac was then sutured to the 
fundus of the uterus in its interposed posi- 
tion. This prevented the sac from returning 
to its original position. Following this the 
peritoneum was sutured in the usual 
manner and the anterior vaginal incision 
was closed. 

3. Elimination of the Hernia by Oblitera- 
tion of the Peritoneal Sac by the Abdominal 
Route. The operation, first devised by 
Marion,® was introduced in this country 
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by Moschcowitz.*! It consists of a series 
of successive purse-string sutures passed 
within the boundaries of the pouch of 
Douglas starting at its bottom and reach- 
ing up to the level of the pelvic brim. By 
this simple expedient the rectum and uterus 
are brought in close apposition with 
consequent obliteration of the cul-de-sac 
and the hernial sac. Masson and Simon* 
have suggested that the sigmoid may also 
be utilized in the suture if necessary to 
cover a weak area in the reconstructed 
pelvic floor. 

4. Cure of an Anterior Vaginal Hernia by 
Vaginal Interposition. In cases of anterior 
vaginal hernia the obliteration of the peri- 
toneal sac may be accomplished by a 
vaginal interposition operation as sug- 
gested by Masson.** After this procedure is 
carried out the interposed fundus of the 
uterus fills the deepened vesicouterine 
pouch which had previously constituted 
the peritoneal sac. The interposition opera- 
tion is carried out and concluded in the 
usual manner. 

5. Control of the Hernia by Occlusion of 
the Vagina. In a selected group of senile 
patients in whom more radical methods 
appear contraindicated, Phaneuf’ has se- 
cured good results by occluding the vagina 
by colpocleisis, using either the subtotal 
method of LeFort*! or the total method of 
Dujarier and Larget.* The operation leaves 
the hernia itself untouched but prevents 
the further growth and further external 
prolapse of the hernia by occluding the 
vaginal canal. From a theoretical stand- 
point this procedure would seem inade- 
quate but Phaneuf claims to have achieved 
eminently satisfactory results with it. 

6. Removal of the Hernial Sac by the 
Vaginal Route in Posterior Vaginal Herniae. 
This operation is perhaps the one most 
frequently utilized today. According to 
Hartmann’s* technique the sac is exposed 
by an incision through the posterior vaginal 
mucosa. The peritoneum is then opened 
and the intestinal loops packed away after 
which the sac is dissected up as high as 
possible and its neck closed by a purse- 
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string suture. The redundant portions of 
the sac are then ablated and the operation 
concluded by a high perineorrhapy. 

Black* has suggested that the stump of 
the hernial sac be anchored to the posterior 
wall of the uterus in order to secure a higher 
fixation. Ward** who has done much to 
popularize this operation in America, 
advises that it be combined with a Mayo 
vaginal hysterectomy as a prophylactic 
measure against the possible subsequent 
occurrence of a vaginal hernia when 
hysterectomy is performed for uterine 
prolapse. By approximation of the uterine 
ends of the broad ligaments and by removal 
of the pouch of Douglas as a potential 
hernial sac the possibility of postopera- 
tive peritoneal vaginal hernia is greatly 
minimized. 

The vaginal operation has much in its 
favor in that it does not involve the opera- 
tive shock and risks of a laparotomy. 
Furthermore it permits of an adequate 
repair of the perineum which the purely 
abdominal operations do not accomplish. 
However, one of the main reasons for the 
popularity of the vaginal approach is that 
a substantial number of the cases of peri- 
toneal vaginal hernia are unrecognized as 
such prior to operation, the sac being 
accidently discovered during the course of 
a “rectocele” repair. Under these circum- 
stances conclusion of the herniorrhaphy by 
the vaginal route is to be considered the 
procedure of choice. 

7. Combined Abdominovaginal Procedure 
for Removal of the Sac and Repair of the 
Hernial Defect. A study of the principles 
of hernioplasty in other parts of the body 
will reveal that all the successful operations 
attempt to effect a cure by the accomplish- 
ment of two objectives. One is to remove 
the peritoneal evagination constituting the 
hernial sac and the other to close the defect 
in the parietes which was responsible for 
the peritoneal protrusion in the first place. 
These fundamental principles should like- 
wise be applied in the operative treatment 
of vaginal hernia. Lothrop® apparently had 
this in mind when he devised an operation 
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which, while unduly complicated and now 
obsolete, is worthy of mention here because 
it illustrates his attempt to comply with 
these two principles. After dividing the 
broad ligaments close to their uterine ends, 
he split the uterus in its frontal plane, 
removing the anterior half of that organ 
together with the uterine cavity. The peri- 
toneal sac and the pouch of Douglas were 
then dissected out and the broad ligaments 
turned down and sutured across the defect 
in the pelvic floor. The posterior wall of the 
uterus was then turned back and sutured 
to the pelvic fascia at either side of the 
rectum. Finally the peritoneum was closed 
over both broad ligaments and uterus. 

Today it is felt that such heroic but- 
tressing is unnecessary and that removal of 
the sac combined with adequate fascial 
closure is sufficient. This is fairly well 
accomplished by the vaginal operation 
described in the previous section but in the 
opinion of many surgeons a sufficiently high 
ligation of the sac cannot be accomplished 
through the vagina. Accordingly it has been 
suggested that a sufficiently high ligation 
be secured by the passage of a purse-string 
suture at the neck of the sac as visualized 
during a laparotomy. Following this the 
patient is placed in the lithotomy position 
and the sac again exposed through the 
posterior vaginal wall. Green and Buzzelle*® 
have suggested that the sac be packed with 
gauze at the time of the laparotomy so as to 
facilitate its ready identification from 
below. 

Ligation of the neck of the sac already 
having been accomplished from above, 
there is no danger of injury to the intestines 
nor of contamination of the general peri- 
toneal cavity. Furthermore, the neck of the 
sac has been securely closed higher up 
under direct vision with less danger of 
inclusion of the ureters in the suture. 

The operation is concluded by a high 
perineorrhaphy which will incidentally cure 
the frequently accompanying rectocele. 

In our opinion the more radical anatomic 
restoration accomplished by the combined 
abdominovaginal operation justifies its 
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slightly greater risk over that of the purely 
vaginal procedure. In the case herewith 
reported a combined abdominal and vaginal 
operation was done in which added security 
against recurrence was obtained by including 
as one of the steps during the laparotomy and 
obliteration of the pelvic cavity by a series of 
superimposed purse-string sutures. 


CASE REPORT 


The patient is a woman 35 years of age who 
has borne one living child. In 1929 she was 
operated upon for a “protrusion”’ of the vaginal 
wall. A laceration of the cervix was repaired 
and a posterior colporrhaphy and perineor- 
rhaphy was done. A recurrence of the condition 
then followed within a short time and by 1935 
a marked vaginal prolapse was present. The 
patient was then operated upon again at which 
time a vaginal hysterectomy was done together 
with an anterior and posterior colporrhaphy 
and perineorrhaphy. 

Again there was a recurrence of the “pro- 
lapse.” In November, 1937, at the time the 
third operation (Wilensky) was done, there 
was a protrusion from the vagina which ex- 
tended outwards between the labia for a dis- 
tance of approximately 3 inches. The patient 
complained of the excessive annoyance which 
the protrusion caused, but the mucosa covering 
the latter was not eroded or ulcerated. Because 
of the characteristic history and physical find- 
ings, the diagnosis of vaginal hernia was made 
immediately. 

Because of the nature of the previous opera- 
tion, no distinction could be made between the 
anterior and posterior types of hernia, although 
from the history it cannot be doubted that 
originally the hernia was of the posterior 
variety. 

The findings at operation were anatomically 
as follows: The hernial ring about 114% inches 
in its largest diameter, was situated in the for- 
nix just anterior to the rectum. The hernial 
sac was from 3 to 4 inches long. At the time of 
operation the hernial sac was empty. Abdomi- 
nally, there were a moderate number of ad- 
hesions in the pelvis. The right ovary measured 
about 2 inches in its largest diameter and was 
occupied by a large number of encapsulated 
and other cystic formations. The right tube 
was essentially normal. The left tube and 
ovary were normal. The rest of the abdominal 
cavity was not explored. 
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The abdominal part of the operative pro- 
cedure was as follows: A median subumbilical 
incision was made and the abdomen was ex- 
plored as indicated above. Many adhesions 
were freed while exploration went on and the 
hernial ring was found, identified and cleared. 
The hernial protrusion was then evaginated 
upwards into the pelvic cavity. The peritoneal 
layer was dissected free from its underlying 
base after which the rest of the hernial pro- 
trusion was pushed back into the vagina. The 
hernial peritoneal sac was then obliterated by 
catgut sutures; the fascial margin of the hernial 
ring was tightly approximated and closed by 
sutures of chromicized catgut; and the closure 
was further protected by obliterating the pelvic 
cavity by a series of superimposed circular cat- 
gut sutures which took in the peritoneum and 
underlying pelvic fascia. The abdominal wound 
was then closed in layers in the usual way. 

The vaginal part of the operative procedure 
was done as follows: The hernial protrusion was 
pulled downwards and outwards through the 
Introitus and it was denuded of its mucous 
membrane on its anterior lateral and undersur- 
face. The denudation was continued outwards 
to the perineal edge as in a rectocele and 
perineorrhaphy. The remaining layers of the 
hernial protrusion were divided longitudinally, 
exposing the vaginal side of the hernial ring. 
The latter was identified and the rectum was 
pushed away from it sufficiently to give room 
for a good suture. The hernial ring was then 
closed for a second time from the vaginal side 
by a purse-string suture of heavy chromicized 
catgut. The operation was completed as in 
a rectocele operation, the surplus portion 
of the remaining hernial protrusion being cut 
away. 

The patient made an uneventful convales- 
cence; healing took place throughout by pri- 
mary union; the patient was discharged from 
the hospital well. A follow-up examination 
made six months later corroborated this 
opinion. 


SUMMARY 


1. Attention is directed to peritoneal 
vaginal hernia, a rare condition readily 
overlooked. 

2. The classification of the condition and 
the theories regarding its etiology are 
discussed. 
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3. The ease of diagnosis once the condi- 


tion is kept in mind and its differentiation 
from rectocele are emphasized. 


4. The various operative procedures for 


the cure of this condition are reviewed. 


5. A case report in which a cure was 


effected by a combined abdominovaginal 
operation is included. 


19. 


20. 
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THE CREEPING EPITHELIUM OF THE ANAL CANAL 
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HE anal canal and the rectum offer a 

wide variety of pathology including 

carcinoma, fistula-in-ano, fissures, 
hemorrhoids and pruritus ani. From time 
to time the same etiologic factors have 
been postulated to account for these vari- 
ous conditions since the theoretical pre- 
mises for this zone are somewhat limited, 
being confined to embryologic considera- 
tions of a differentiation at a muco- 
cutaneous junction, trauma and irritation 
dependent upon constipation, infection 
following diarrhea, local foci due to occlu- 
sion of the intramuscular glands by spastic 
sphincters, circulatory stasis or a neuro- 
genic diathesis. 

There are several reasons for this con- 
fusion in the interpretation of causal 
factors. First of all, courses in histology 
and pathology give too little attention to 
this zone. Practically the only figures given 
in the various textbooks of histology are 
copied from the work of Johnson of the 
anal canal of a 187 mm. fetus. Pathologists 
are forced to neglect this region in routine 
autopsies because of the technical difficul- 
ties involved in its resection. The proctolo- 
gist, with the viewpoint of a specialist, 
depends primarily on the macroscopic 
appearance and has his own pet theory of 
etiology. Proctologists are not even in 
agreement as to the gross anatomy of the 
canal, nor a definition of the White Line of 
Hilton (Hiller, 1935; Stroud, 1896). Hence 
we may safely say that the normal rectum 
of the adult is still unknown. 

Two excellent papers have been written 
on the embryology of the anal canal, 
namely those of Johnson (1914) and Tench 
(1937). For the various opinions on the 
relationship of normal structures to the 
various pathological conditions, the reader 
is referred to the articles of Bacon (1932), 
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Tucker and Helwig (1933), Pope (1932), 
Milligan and Morgan (1934), Rankin et al. 
(1934), and Hiller (1931). The purpose of 
the present paper is to stimulate interest in 
the normal histology of this zone and to 
advance a new hypothesis which seems 
successfully to correlate the majority of 
miscellaneous facts which have heretofore 
lead to so much confusion. 

That there is a marked variability in the 
character of the epithelium in the different 
zones of the anal canal is admitted by all. 
Johnson has reviewed the subject and 
according to Braun’s table, simple colum- 
nar epithelium is found on the proximal 
parts of Morgagni’s columns, in the sinuses, 
in the crypts of Lieberkiihn and in the 
blind ends of the sinus diverticulae. 
Stratified columnar epithelium is found in 
the distal parts of the sinuses, on the distal 
borders of the columns, in the secondary 
sinuses and their diverticulae. Stratified 
cuboidal epithelium of a polyhedral variety 
exists on the summits of the columns in the 
distal parts. To this list Johnson adds 
stratified cuboidal in the larger ducts of the 
intramuscular glands and simple columnar 
in the branches of these glands. A transi- 
tional line extends upwards from the zona 
intermedia to the zona columnaris follow- 
ing the bases of the rectal columns to form 
the zigzag line or linea sinuosa analis. 

This whole zone is of course in continuity 
with the true cornified stratified squamous 
epithelium of the zona cutanei or true skin 
of the anal region. 

The majority of proctologists consider 
the proctoderm to have fused with the hind 
gut at the base of the pectinate line or the 
serrated margin bearing the anal papillae, 
just below the bases of the columns of 
Morgagni. This would make the entire 
zona intermedia of ectodermal origin. 
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Johnson (1914) has carefully reconstructed at their bases. My own observations on a 
the proctodeum and the anal plate and the number of human fetuses support this view. 


ampulla of the rectum and has followed the 


The process of inward extension of 


Fic. 1. Photomicrograph of section of the rectum of female age 38. 
Autopsy. Note psuedogland formation and superficial stratified 
epithelium dipping into the crypts of Lieberkiihn to replace their 


simple epithelium. Longi section. 


progressive development of the definitive 
canal from its primary sources. He claims 
that both the zona columnaris and the zona 
intermedia are of ectodermal origin, since 
the bulbus analis and the bulbus terminalis 
both lie above the original anal plate. 
Tench (1937), however, is not in full 
agreement. 

On either point of view, a modification 
of the original single cell layer of the colum- 
nar zone is established, since a stratified 
columnar or a stratified squamous epithe- 
lium is commonly seen on the matured 
columns of Morgagni, which lie definitely 
above the pectinate line. Johnson’s figures 
show a definite chronological order in this 
process of stratification with age. The 

process begins distally and extends inward. 
It varies locally, bemg more advanced on 
the exposed surfaces of the columns and 
somewhat retarded in the furrows and 
ampullae. The studies of Bacon (1932) on 
stillborn fetuses bear this out. Simple 
columnar epithelium may be present on the 
tips of the columns and stratified squamous 


stratified squamous epithelium is not 
peculiar to the anal canal. It occurs first of 
all when the oral membrane is perforated, 
connecting the stomodeum with the fore- 
gut. Stratification extends inward through 
the mouth, pharynx and esophagus to stop 
abruptly at the cardia with a microscopic 
transitional zone continuous with the 
columnar epithelium of the stomach. In the 
vaginal canal, the stratified squamous 
epithelium stops abruptly at the external 
os of the cervix unless imperforate hymen 
persists. With age, pregnancy and infec- 
tion, the stratified squamous epithelium 
continues to migrate inward at the expense 
of the columnar, as a creeping epithelium 
blocking the cervical glands to produce the 
follicles of Naboth. 

As a working hypothesis, the view was 
adopted that the extension of stratified 
squamous epithelium inward in the anal 
canal was not limited to the fetal period 
and hence that the squamous border might 
well extend beyond the anorectal line with 
advance in age. On this basis, material was 
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obtained from the cadavers in the Anatomy 
Hall, from autopsies by the Department of 
Pathology, and from stillborn fetuses. 


Fic. 2. Photomicrograph of section from cadaver (female, age 43). 
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A female (at autopsy), age 38 (Fig. 1), 
presented a beautiful example of pseudogland 
formation at the anorectal junction. Note the. 


—— 


Note the stratified squamous epithelium resting on tall papillae 
immediately approximate to the crypts of Lieberkiihn. Longi 


section. 


Material was fixed in formalin, sectioned in 
paraffin and stained with hematoxylin and 
eosin. It included longitudinal sections 
from -four fetuses, eleven autopsies and 
seven cadavers, with the oldest specimen 
aged 67 years. 

For the ages 3 months, 15 months and 
3 years, the pathologist cut the specimen 
above the anorectal line and hence the 
junction was not shown. Autolysis was 
marked in the preparations from the 13 and 
8 year old specimens, but the stratified 
squamous epithelium could be recognized 
at the level of the first crypts of Lieber- 
kiihn. Cadavers #457, Dickens, Peters, 
Lanier, were discarded. Sections showed 
that the block was taken below the junc- 
tion, an error easily made because of 
the heavy cotton bolus which is com- 
monly inserted in the rectum by the 
mortician. The nine remaining specimens 
were well fixed and show definitely that the 
stratified squamous epithelium does con- 
tinue to extend upward in the anal canal 
and that it does block the crypts of 
Lieberkiihn. 


superficial stratified columnar epithelium dip- 
ping in from the surface to replace the sim- 
ple columnar epithelium of the crypts of 
Lieberkiihn. 

The cadaver of a female, age 43 (Fig. 2), 
showed thick, stratified squamous epithelium, 
resting on tall papillae and immediately 
proximate to the crypts of Lieberkiihn. Goblet 
cells were well preserved in the latter. 

In a male, age 44 (Fig. 3), the specimen was 
not so well preserved at autopsy as the two 
previous, but the sections showed clearly that 
the stratified squamous epithelium had ex- 
tended upward beyond the first crypts of 
Lieberkiihn. 

Male, age 49, autopsy specimen. While the 
preparation had undergone some autolysis, 
the section again showed definitely that the 
stratified squamous epithelium had extended 
upward to the anorectal line. 

Female, age 54, autopsy. (Figs. 4 and 5.) 
This preparation showed a fine example of the 
extension of the stratified squamous epithelium 
beyond the first rectal glands. In Figure 4 these 
glands are readily distinguishable from the 
ducts of the so-called intermuscular glands 
which branch off the anal crypts of Horner, 
seen in the lower half of the section. That the 
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Fic. 3. Photomicrograph of section from autopsy of male, age 44. This 
specimen was not so well preserved as the other two but shows 
definitely that the stratified squamous epithelium has extended be- 
yond the first crypts of Lieberkiihn. Longi section. 


Fic. 4. Low power photomicrograph. Section from autopsy of 
female, age 54. Note the extent of the stratified squamous 
epithelium, up to and beyond the anorectal line. That these 
blocked glands are not the so-called intramuscular glands or 
diverticulae is clear, since the duct of the latter appears oppo- 
site the ampulla. Note that the blocked gland is assuming a 
branched character unusual for the crypts of the large 


intestine. 
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epithelium is squamous and not cuboidal, 
prismatic or columnar is evident in Figure 5. 
Female, age 58, a cadaver (Fig. 6), again 
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review current opinion as to the various 
etiologic factors in this zone. Pope, believes 
that the anorectal line is definitely pre- 


Fic. 5. Same section as Figure 4 under a higher magnification. 


showed definitely the extension of stratified 
squamous epithelium up to and beyond the 
first crypts of Lieberkiihn. 

Male, age 67, at autopsy showed definite 
pseudogland formation just below the first 
crypts of Lieberkiihn, and stratification of the 
ducts of the intramuscular glands. 

A female cadaver, age 24, showed pseudo- 
gland formation and encroachment in evidence. 

Another cadaver, female, age 36, was strik- 
ingly similar to Figure 3. One crypt of Lieber- 
kiihn lay below the level of the stratified 
columnar epithelium. One gland was definitely 
blocked and cystic. In the transition zone there 
appeared a number of hyaline plugs that gave 
the appearance of atrophic crypts of Lieber- 
kiihn. This suggests the method by which 
the anorectal line may retreat inwards. 


DISCUSSION 


The foregoing preparations leave no 
doubt that there is a creeping epithelium 
in the anal canal. The significance of this 
process as an etiologic factor in the produc- 
tion of common pathology of the rectum 
may next be considered. But first, we may 


disposing to cancer; polyp formation due 
to chronic irritation may form the basis 
for malignancies. Linder and Wood, claim 
that melanomas may begin as displaced 
pigment cells, 1 to 2.5 cm. above the anal 
canal. Phifer, reviewing rectal cancer in 
childhood, postulates a beginning on the 
basis of trauma due to fecal stagnation. 
He cites Weinleshner’s hypothesis that the 
growth of cancer in the rectum of adoles- 
cents is associated with the rapid growth of 
adenoid tissue at this time. Martin, dis- 
cards the hereditary factor and considers 
polypi as most predisposing. He discusses 
Rossir’s correlations with fistulae, hemor- 
rhoids, cryptitis and excludes the anal 
region because only 2 per cent of the 
cancers of the rectum occur in the anal 
canal. Goforth, premises a metaplasia of 
gland epithelium to account for the occur- 
rence of squamous cells at high levels, but 
questions the origin of a malignancy in any 
type of preéxisting lesion such as ulcerative 
colitis or diverticulitis. 
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In development, Rankin believes that 
the crypts are due to the purse-string 
effects of the sphincters and that cryptitis 
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Fic. 6. Photomicrograph of section from cadaver of female, age 58. 
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without symptoms in the early stages. 
Extension may occur by direct growth, by 
venous invasion or by lymphatic invasion. 


Note again the extension of the stratified squamous epithelium 
up to and beyond the mouth of the first crypt of Lieberkiihn, and 
the branching character of the glands. 


: and papillitis are due to constipation, 
diarrhea, straining and infection. 

Fistula-in-ano follows infection of am- 
pullae, and their associated intermuscular 
glands, due to block following a spastic 
sphincter, and extending into the peri- 
vascular spaces. Hayes and Burr, 1936, cite 
one case of an epithelioma arising in a 
fissure, which was discovered accidentally. 

Since the proctologists lay claim that 
10 per cent of all cancers and 96 per cent of 
all intestinal cancers occur in the large 
intestine and rectum, the problem is 
significant. Manning, 1937, points out that 
the commonest site in the rectum is on the 
dorsal wall. If this is the case, two hypoth- 
eses offer themselves to account for the 
frequency, namely (1) cell rests from the 
remnant of the tail gut; (2) “organizer 
diffusion” from the dorsal lip of the 
blastopore. 

But a third hypothesis, correlated with 
the general factor of creeping epithelium is 
also rational. Brindley, 1932, states that 
malignancies of the rectum are singularly 


We offer the suggestion that gland block 
due to overgrowth of ducts by the squa- 
mous epithelium may be the source of the 
invasive cells, since the majority of malig- 
nancies are adenocarcinomas of the cylin- 
drical cell variety belonging to the crypts 
of Lieberkiihn. In Figures 4 and 6, duplica- 
tion of crypts is seen, suggesting an initial 
step in adenoma production. This hypoth- 
esis is advanced on the basis of similar 
behavior of the squamous cells of the 
uterovaginal junction. Most of the pathol- 
ogy of the cervix is thought to arise in 
this “‘battle-ground”’ of cell differentiation 
(Schiller, 1936) with infection, trauma, 
erosion and the endocrines playing second- 
ary roles to the developmental process of 
squamous cell overgrowth or “creeping 
epithelium.”’ Here, as in the anal canal, 
occur cystic glands, local foci of infection, 
fissures, papillomatous growths and malig- 
nancies. And in each case it is rational to 
suppose that a vicious circle of events 
exists which in one instance produces one 
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type of pathology, in another instance a 
more malignant type. It is hoped that by 
directing the attention of both gynecologist 
and proctologist to the similarity in the 
two areas that an evaluation of the respec- 
tive etiologic factors may be made more 
specific. 


CONCLUSIONS 


1. The anal canals of eighteen humans 
have been sectioned longitudinally and the 
preparations studied. 

2. Satisfactory preparations for ages 
8 and 13 show stratified squamous epithe- 
lium at the anorectal junction. 

3. From ages 38 to 67, the anorectal 
junction is characterized by pseudogland 
formation, duct overgrowth, cyst forma- 
tion due to a creeping epithelium. 

4. Theories of the etiology of the various 
pathologic conditions in the rectum are 
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discussed and related to the factors pro- 
duced by creeping epithelium. 
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CHLOROPHYLL—ITS THERAPEUTIC PLACE IN ACUTE 
AND SUPPURATIVE DISEASE 


PRELIMINARY REPORT OF CLINICAL USE AND RATIONALE* 


BENJAMIN GRUSKIN, M.D. 


Director of Experimental Pathology and Oncology, Temple University 


PHILADELPHIA, PENNSYLVANIA 


HE history of modern medicine as 

contrasted to that of even compara- 

tively recent times might well be 
considered the story of man’s fight against 
infection. Since the time of Koch, Pasteur, 
Klebs, Loeffler and a score of other 
investigators scarcely more than half a 
century ago, methods designed to prevent 
or cure bacterial infections have followed 
two major lines of investigation: first, that 
of antisepsis (disinfection), or the destruc- 
tion of bacteria by chemical means; and 
second, the immunologic approach by which 
the individual’s resistance against infection 
has been developed by the introduction 
into the host of antigenic substances, 
designed either to stimulate such antibody 
formation or to neutralize the toxic prod- 
ucts of the bacteria. 

In the field of chemotherapy, a large 
number of antiseptic agents has been 
employed with varying degrees of success. 
The great objection to the majority of 
these substances has been their irritating 
and toxic effects, even to the point of actual 
tissue destruction as well as the destruction 
of the infectious agent. Comparatively few 
of these substances have been utilizable 
except in topical, local application in 
concentration enough to be effective as 
bactericidal agents. On the other hand, the 
specific biologic products, while of inesti- 
mable value in many cases, likewise have 
but a limited and restricted field. Further- 
more, in the majority of instances, their 
action is so slow in developing to an effec- 
tive degree that they lose much of their 
practical application. 


For this reason, the use of chlorophyll in 
the treatment of infections, particularly in 
local suppurative lesions, either of an 
acute or chronic nature, represents a new 
approach to the treatment of such. condi- 
tions, combining as it does a background of 
chemotherapy with what we believe a 
much broader biological method. It is the 
purpose of this paper to review some 1,200 
cases of widely diverse character, ranging 
from acute infections of the upper respira- 
tory tract and accessory sinuses to chronic 
ulcerative lesions of various types asso- 
ciated especially with varices, sinuses and 
fistulae. A consideration of the mechanism 
by which these clinical results have been 
obtained seems worth exploring from the 
theoretical standpoint. 


THEORETICAL CONSIDERATIONS 


It is interesting to try to explain the 
mechanism of the action of chlorophyll in 
suppurative processes. At the present time, 
much of this explanation must of necessity 
be of a theoretical nature since it is not 
possible with our present methods ade- 
quately to supply the necessary experi- 
mental data. It is suggested that the action 
of chlorophyll consists for the most part of 
increasing the resistance of cells in some 
physicochemical manner so that enzymic 
digestion of the cell membrane by invading 
bacteria or their toxins is checked. As a 
corollary to this it is suggested further that 
the bacteria are likewise inhibited from 
forming toxic compounds. Haas! and 
others have recently emphasized the impor- 
tance of the so-called ‘‘intercellular phase”’ 


* Detailed case reports will be included in the author’s reprint. 
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in tissue metabolism. They have been 
especially interested in the exchange of 
lipoids in this intercellular matrix. It is 
- assumed, in line with this theory of Haas, 
that chlorophyll acts similarly on this inter- 
cellular matrix. This is evidenced by its 
stimulating effect upon the growth of the 
supportive connective tissue cells and the 
development of granulation tissue. Simi- 
larly, because of this cell activity, it seems 
logical to believe that there develops an 
effective barrier to bacterial invasion. By 
the same reasoning, it is probable that the 
metaboloids of these cells likewise may be 
altered to a less toxic form before they are 
absorbed and pass into the body economy. 

Chlorophyll further has to a certain 
degree an indirect action on bacteria as 
judged by the clinical response in anaerobic 
infections. Due to the nature of such bac- 
teria, the lesions are usually extremely foul 
smelling. Almost invariably this odor dis- 
appears after a few applications of the 
chlorophyll preparation. This may well be 
explained on the basis that chlorophyll, 
having the property of breaking down 
carbon dioxide and thus setting free 
oxygen, tends to inhibit the action of such 
anaerobic bacteria. It is possible, further, 
that bacteria being of vegetable origin, yet 
possessing ordinarily no chlorophyll, un- 
dergo some biological change in the 
presence of this substance. 

In vitro experiments do not show that 
chlorophyll itself has any definite bacteri- 
cidal effect, but it does seem to possess 
some slight bacteriostatic property. Thus, 
the clinical results which are obtained with 
the use of this agent may be explained as a 
highly complex process depending in part 
upon a more or less direct action on the 
organisms themselves, on a stimulating 
effect upon the supportive tissues, and 
upon some alteration of cell metabolism 
through the creation of adverse environ- 
mental conditions during the intercellular 
phase of metabolism. 

Among other theoretical considerations 
which should be mentioned in respect to 
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the possible effect of chlorophyll, is that on 
the production of fibrolysin. In accordance 
with the theory of Tillet and Garner,”* 
who have shown that the production of 
fibrolysin is a very significant factor in 
Streptococcus hemolyticus infections, and 
with the work of Reiner, who reports that 
many of the pathogenic bacteria will 
produce fibrolysin, the suggestion is made 
that this function of bacterial activity is 
neutralized either directly or through some 
counteracting effect on the part of the 
newly formed connective tissue cells. On 
the basis of these observations, the theo- 
retical application of chlorophyll in the 
treatment of infection becomes much 
wider, in that specificity of bacteria does 
not play any part, as is usually the case. It 
is for this reason that we believe it occupies 
a position of biologic significance in the 
therapeutic field, and may prove to be of 
even greater importance than our pre- 
liminary observations, which are being 
reported here, suggest. 

In connection with the use of chlorophyll, 
it Is interesting to note that in cases of 
ulcerative carcinoma where a great deal of 
putrefaction with associated foul odor 
exists (obviously the result of secondary 
bacterial infection and proteolysis), the use 
of chlorophyll tends to clear up this foul 
odor rather promptly. It, furthermore, 
helps stimulate the production of the 
connective tissue, and in this way may 
even be of value in the treatment of such 
lesions so far as limiting their growth 
locally may be concerned. Work in this 
field has only recently been attempted, but 
is being pursued and will be reported at a 
future time. 

Chlorophyll has a further advantage in 
that it is nontoxic. It may be introduced 
intravenously, or may be taken orally, in 
relatively large amounts without harm to 
the patient, although to date its usefulness 
by these routes in infections is not particu- 
larly promising, as might be anticipated 
from its theoretical action on the tissues 
locally. 
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CHEMISTRY 


This paper is primarily devoted to a 
consideration of the therapeutic applica- 
tion of chlorophyll and only brief mention 
of its chemistry will be given. Chlorophyll 
is the green coloring matter of plants and 
is present in all growing vegetable cells. 
The chloroplasts of the plants consist of a 
colloidal mixture of proteins and other 
substances, with four pigments, namely: 
chlorophyll A (C;sH2OsN.Mg), chlorophyll 
B carotene (CyoHs¢), and 
xanthophyll (CyoH;sO2). It is known that 
the photosynthesis of starch from CO; does 
not proceed in the absence of chlorophyll. 
Our present knowledge of the chemistry of 
chlorophyll is chiefly due to the work of 
Willstatter.‘ 

The chlorophyll employed in this work 
was in the form of the water soluble 
derivatives of chlorophyll, namely: so- 
dium magnesium chlorophyllm (C3,Hs:- 
OsNiMgNa), sodium iron chlorophyllin 
sodium copper chloro- 
phyllin (C3,H3,O;N.CuNas;), also the oil 
soluble chlorophyll a (C;;H7O;N,sMg) and 
chlorophyll B The oil 
soluble chlorophyll was employed in the 
preparation of ointments and suppositories 
only, and the water soluble chlorophylls 
were used in the preparation of solutions. 


METHODS OF USE 


From the foregoing discussion concern- 
ing the theoretical mechanism of chloro- 
phyll, it becomes apparent that whatever 
technique is used should be designed so 
that the chlorophyll will come directly in 
contact with the tissues involved in the 
pathologic process. This is to permit the 
diffusion of the agent into the intercellular 
matrix where it is believed that reaction 
occurs. Special care must be taken in cases 
where there is deep ulceration with under- 
mined edges and in racemose fistulous and 
sinus tracts to make sure that the chloro- 
phyll reaches all parts of the wound. If this 
is not accomplished, it has been found that 
the chlorophyll tends to stimulate granula- 
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tion tissue formation superficially, closing 
off the deeper infected areas. In such cases 
it has been necessary to break through this 
superficial repair tissue and reapply the 
chlorophyll to the deeper structures. This 
is in Ime with the usual surgical principle 
that all infected wounds should heal from 
the base. 

In outlining the technique of administer- 
ing chlorophyll in varying conditions, we 
gratefully acknowledge the assistance of 
several of the members of the Temple 
University Hospital Staff, especially that 
of Dr. J. Norman Coombs, Associate 
Professor of Surgery, for its application in 
various surgical problems, and that of 
Drs. Robert F. Ridpath and T. Carroll 
Davis, Professor and Assistant Professor 
respectively of Laryngology and Rhi- 
nology, in relation to otorhinolaryngologic 
disease. 

Dr. Coombs has been kind enough to 
permit us to quote him in regard to his 
results in the use of chlorophyll in surgical 
infections. He notes that “there are two 
major types of lesion in which chlorophyll 
seems to be particularly indicated: first, 
in the treatment of open wounds; and 
second in the treatment of deep infections 
associated with drainage tracts communi- 
cating within the body cavities such as the 
abdomen or chest. For open wounds, 
dressings saturated with chlorophyll solu- 
tion may be applied as often as may be 
necessary, without fear of skin irritation. 
Tidal irrigations, by means or inlaying 
tubes within the dressings, may be required 
in cases of extensive suppuration. Its use on 
freshly denuded surfaces is desirable to 
promote healthy granulation and wound 
healing. In wounds with large skin defects, 
where skin grafting is contemplated, the 
solution is advantageous to limit suppura- 
tion and to hasten border skin regeneration. 

“In the treatment of suppurative proc- 
esses within the abdomen or chest, the 
drainage tract should be irrigated at 
regular intervals with the chlorophyll 
solution. Soft rubber tubing (Dakin tubes) 
may be introduced into the sinus, and the 


4 
q 
; 
a 
i 
{ 
a 
: 
; 
iz 
? 
; 
! 
j 
M 


52 American Journal of Surgery 


solution allowed to flow in by gravity. If 
it is desirable to flood the wound several 
times daily, copious dressings should be 
applied around the tubing, so that irriga- 
tion may go on without exposing the wound 
with each treatment. 

“In empyema it is suggested that the 
cavity be flooded at least three times within 
twenty-four hours, when drainage is pro- 
fuse. Irrigations need not be interrupted if 
bronchial fistula exists. Experience has 
shown that the solution may enter the 
bronchus and be expectorated without dis- 
comfort. It is best, when dealing with 
bronchial fistula, to allow the solution to 
enter cautiously, to avoid flooding the 
respiratory tract, and have ready a suction 
apparatus to recover the solution, should 
respiratory embarrassment occur. 

“Experience has also shown that sup- 
puration within the abdominal cavity may 
be treated advantageously with chloro- 
phyll solution. Recently, a large left sub- 
phrenic and perirenal abscess with drainage 
of abundant odorous pus, caused a patient 
much distress. With irrigation of the 
abscess cavity there was prompt disappear- 
ance or odor and marked reduction in the 
suppuration, within two days after the 
chlorophyll treatment.” From Dr. Coombs’ 
experience, he believes that “in chlorophyll 
we have available a safe and non-irritating 
agent which offers a distinct aid in the 
treatment of wound suppuration. It is 
interesting to note that after the adminis- 
tration of chlorophyll, the character of the 
discharge is changed, becoming thinner, 
and later almost- watery in consistency, 
especially when granulation tissue is begin- 
ning to form.” 

In the application of chlorophyll in 
otolaryngology, Dr. Robert F. Ridpath 
and Dr. T. Carroll Davis report a series of 
1000 cases treated at Temple University 
Hospital and Clinic, of which 80 per cent 
were acute rhinitis and rhinosinusitis, the 
other 20 per cent being largely chronic 
sinus conditions. They state: “The follow- 
ing method of treatment was adopted. 
In acute cases, the nasal chambers are 
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shrunken and anesthetized, after which a 
modified Dowling pack is used, that is, a 
thread is attached to each pack, which is 
saturated with chlorophyll solution and 
gently inserted into the nasal cavity, until 
the posterior end of the pack, passing 
between the middle turbinate and the 
septum, is resting in the region of the supe- 
rior meatus, in close contact with the 
ostia or the sphenoid and posterior ethmoid 
sinuses. The anterior end is gently packed 
into the middle meatus, thereby coming in 
contact with the ostia of the sinuses 
emptying there, namely, the frontal, ante- 
rior ethmoid, and maxillary. The ends of the 
thread attached to each pack are tied 
together across the septum, and are cut off 
close to the knot, so that the patient may 
go about without being conspicuous and 
may remove the packs himself by pull- 
ing on the thread. It is advisable that 
the patient retain the packs for at least one 
hour. The patient should be given a daily 
treatment, and the treatment should be 
repeated in at least twenty-four hours in all 


cases.” 


They further state: ‘Chlorophyll is 
preferred because it is less irritating than 
the colloidal silver salts. The results ob- 
tained with the chlorophyll packs have 
been very pleasing in that the drainage 
from the sinuses seems to be tremendously 
increased, so that a number of our patients 
declared that one treatment had cleared up 
their cold. We do not mean to indicate that 
one treatment will cure all acute cases, but 
it has rarely been necessary to give more 
than three. 

“In the treatment of chronic sinusitis, 
the procedure is to have the patient 
procure a suction apparatus. The most 
satisfactory has been an aspirator of the 
improved Chapman water pump type. The 
patient is directed to take the position 
recommended by Proetz,° or that recently 
recommended by Parkinson.* While lying 
in this position 2 to 3 c.c. of the chlorophyll 
solution are inserted into each nostril. The 
patient then uses the suction obtained with 
the pump described above. While applying 
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the suction, the patient must be careful to 
close all nasal outlets by the method 
developed by Dr. Proetz. This treatment is 
used once each day. Since results cannot be 
obtained so quickly as in the acute cases, 
the treatment should be continued until 
improvement is noted. As the patient is 
able to give himself the treatment or have 
it given in his home, he is more likely to 
persevere with it. We believe that failures 
occur simply because the patient cannot 
visit his physician for daily treatments over 
an extended period of time. By the method 
given here, the patient is simply required 
to visit his physician occasionally, so that a 
check-up may be made from time to time.” 

Dr. Ridpath reports that four patients 
with chronic maxillary sinusitis who had 
refused operation, and who had been 
treated previously by several other rhinolo- 
gists and by himself without any percepti- 
ble improvement, were treated by the 
usual lavage of the sinuses. After all 
moisture was drained by posture and 
instillation of air, the cavity was filled with 
chlorophyll solution. This was permitted 
to remain. The treatment was given every 
other day. After four weeks, improvement 
was noticed both in the amount of the 
discharge and the condition of the patient. 
The treatment was continued for several 
months, with a final cure of all former 
symptoms. 

In chronic otitis media, Dr. Ridpath 
reports, ‘“These patients had been operated 
on previously for mastoiditis, but unfortu- 
nately in some cases of this type there is a 
continuation of the discharge. The method 
of treatment in these cases was, to cleanse 
the canal by the dry method and instill the 
chlorophyll solution until the canal was 
full. These instillations were continued by 
the patients several times a day, the 
patient returning to the office weekly. In 
all cases, sufficient improvement was no- 
ticed for me to consider chlorophyll a very 
valuable remedy.” 

In the preceding paragraphs relating to 
the treatment of surgical infections and 
otorhinolaryngologic pathology, the chloro- 
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phyll has been used in an aqueous solution, 
which is made up as follows: 2 Gm. of 
chlorophyll is dissolved in a liter of distilled 
water to which is subsequently added 8.5 
Gm. of sodium chloride, C.P., to produce 
an isotonic solution. This material is then 
filtered three times through a fine grade of 
filter paper, put up in containers of 
convenient size and autoclaved. The final 
product represents 0.2 per cent solution of 
one of the water-soluble derivatives of 
chlorophyll. For surgical wounds, no ap- 
preciable difference is noted in the reaction 
to the different forms of chlorophyll, but in 
otorhinolaryngology, it appears that the 
magnesium salt is less irritating to the 
mucous membranes. 

We are also indebted to Dr. Carroll S. 
Wright, Professor of Dermatology and 
Syphilology at Temple University School 
of Medicine. He has utilized chlorophyll in 
ointment form in the treatment of various 
skin conditions and has found it particu- 
larly helpful in chronic ulcers, especially 
those of the indolent, varicose type. Very 
good results have also been obtained in the 
treatment of impetigo contagiosa. Dr. 
Wright has been so favorably impressed 
that he is continuing its use, and we hope 
to be able to quote more extensively 
regarding the place of chlorophyll in the 
field of dermatology in the near future. 

In such skin lesions, the chlorophyll is 
used in the form of an ointment made with 
lanolin as the base. The oil-soluble chloro- 
phylls, a and B, are used in the preparation 
of this ointment in a strength of 1 Gm. of 
chlorophyll to 28 Gm. of lanolin. The 
chlorophyll is ground to a fine powder and 
added to the softened lanolin and mixed 
thoroughly, after which the ointment is 
autoclaved and poured into sterilized jars. 
After autoclaving, a layer of water contain- 
ing a high percentage of chlorophyll will 


settle to the bottom of the container. This | 


should be thoroughly mixed into the oint- 
ment while still warm, using a sterile rod or 
spatula. 

Still further use of chlorophyll has been 
found in the fields of proctology and 
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gynecology. The oil-soluble forms of chloro- 
phyll have been utilized as suppositories. 
These are prepared like the ointment, by 
mixing finely ground chlorophyll with 
monolene (propylene glycol stearate), in 
the same strength of 1 Gm. of chlorophyll 
to 28 Gm. of monolene. In this instance, 
10 c.c. of distilled water are added. 
When the chlorophyll is evenly distributed 
throughout the base, the resultant mixture 
is moulded in a suppository press and is 
ready for use. The use of these suppositories 
in chronic lesions of the rectum and in 
cases of cervicitis associated with marked 
leucorrhea has been most promising. The 
discharge from several leucorrhea has been 
cleared up in almost every instance, with 
comparatively few applications of the 
chlorophyll. At present, it is being investi- 
gated in respect to Trichomonas infections 
of the vagina, but the data are not yet 
available for analysis. 

It is obviously impossible to include in 
detail individual protocols of cases treated 
with chlorophyll. These records, however, 
are all available for reference. Over 1000 
cases have been treated by Drs. Ridpath 
and Davis in their otorhinolaryngologic 
work. These have ranged from mild acute 
coryza or rhinitis through associated acute 
sinus infections, to chronic rhinosinusitis. 
They include severe cases of suppura- 
tive pansinusitis, ethmoiditis, sphenoiditis, 
acute infections of the maxillary antra, of 
the frontal sinuses, and changes associated 
with turbinate deformities. The patients 
ranged from young children to elderly 
individuals. The length of treatment has 
varied from a single instillation of the drug 
to prolonged treatment of as long as a 
month, the number of treatments during 
such periods averaging three to four, but 
in some few instances having been carried 
on in the more chronic conditions to as 
many as nine or ten. Perhaps deserving 
special comment are two cases of atrophic 
rhinitis associated with chronic sinusitis. 
These have been under treatment for 
several months with marked improvement 
while under therapy, but reverting when 
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this was omitted. In the entire series as 
reported by Drs. Ridpath and Davis, it is 
interesting to note that there is not a single 
case recorded in which either improvement 
or cure has not taken place. One must, of 
course, recognize the part which psychic 
therapy plays in many patients whose 
disease is relatively trivial in character, but 
nevertheless it is striking that not a single 
failure seems to have occurred in this rather 
extensive series of cases. 

In the surgical field, again, a wide variety 
of conditions have been treated, including 
such diverse lesions as typhoid osteomyeli- 
tis, chronic varicose ulcers, postoperative 
infections following cholecystectomy and 
appendectomy, empyema, actinomycosis 
of the thoracic wall and pleura, gangrenous 
appendicitis, infected herniation of the 
brain associated with a brain abscess, 
peritonitis, perinephritic abscess, ruptured 
Iung abscess with associated empyema, 
suppurative arthritis, compound commi- 
nuted fracture of the femur with suppura- 
tion, Vincent’s angina, carcinoma of the 
uterus, and pyorrhea. From this partial list 
of cases, it becomes apparent that the use 
of chlorophyll in any acute or chronic 
suppurative process has resulted in definite 
improvement. Even in the case of actino- 
mycosis cited above, which occurred in a 
15 year old child, the discharge from the 
sinus tract diminished in amount and the 
sinus became lined by what appeared to be 
healthy granulation tissue. Unfortunately, 
due to a change in service at that time, the 
chlorophyll was discontinued and replaced 
by x-ray therapy. It was interesting to 
note, however, that while under chloro- 
phyll treatment, the patient’s condition 
seemed to improve and the local lesion 
showed definite reparative features. 

In connection with infections of the 
mouth, it has been interesting to note, 
particularly through the kindness of Dr. 
Homer Junkin of the Paris Hospital in 
IlImois, that Vincent’s angina and ad- 
vanced pyorrhea can be very successfully 
controlled by intensive use of chlorophyll. 
In this latter condition, it is actually 
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injected into the gums and between the 
teeth as well as applied superficially. 
Within less than a month, the gums tighten 
up about the teeth. All purulent discharge 
ceases, and the infection appears to clear 
up entirely. 

Dr. Clifford J. Ulshafer, chief surgeon of 
the Locust Mountain State Hospital (Penn- 
sylvania), has used a solution of chlorophyll 
in streptococcic septicemia as well as in 
subacute bacterial endocarditis. He has 
found that daily administration, for a 
period of six days, of the chlorophyll 
solution in a quantity as high as 250 c.c. 
intravenously, produced no toxic effect, 
and has reported a case of streptococcic 
septicemia in which an uneventful recovery 
followed the intravenous administration of 
chlorophyll solution. He also reports a case 
of subacute bacterial endocarditis which is 
interesting in that, while the patient was 
given chlorophyll, the blood cultures were 
absolutely negative, but blood cultures 
taken three or four days after the use of 
chlorophyll was discontinued were again 
positive. The blood stream could not be 
kept negative for streptococci without the 
use of chlorophyll daily, evidently the 
result of continuous septic emboli being 
discharged into the circulation. The patient 
was given 250 c.c. of chlorophyll intra- 
venously daily, for six consecutive days, 
with negative blood cultures during this 
time, and for two days following the last 
injection. Apparently no ill effects were 
suffered from the chlorophyll, as repeated 
blood urea, creatinine, and urine analyses 
were done, and there was no evidence of 
hepatic damage. 


SUMMARY 


The use of chlorophyll in the treatment 
of acute and chronic suppurative condi- 
tions is suggested. A theoretical considera- 
tion of its mechanism is presented. Its 
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chemistry is reviewed briefly. Its use in 
surgical conditions, in otorhinolaryngology, 
in dermatology, and in a variety of other 
fields is reviewed, with a summary of the 
results obtained in some 1200 cases. 


I wish at this time to acknowledge the sup- 
port of the physicians who have utilized the 
chlorophyll preparations, especially Dr. W. 
Wayne Babcock, Professor and Head of the 
Department of Surgery, Temple University 
School of Medicine; Dr. J. N. Coombs, Asso- 
ciate Professor of Surgery; Dr. W. Emory 
Burnett, Associate Professor of Surgery; Dr. 
Temple Fay, Head of the Department of 
Neurosurgery; Dr. Robert F. Ridpath, Pro- 
fessor of Laryngology and Rhinology; Dr. 
T. Carroll Davis, Assistant Professor of 
Laryngology and Chief of the Nose and Throat 
Clinic; Dr. A. Neil Lemon, Associate in 
Laryngology and Rhinology; Dr. G. M. Astley, 
Associate Professor of Surgery; Dr. H. A. Dun- 
can, Associate Professor of Gynecology; Dr. 
W. A. Steel, Professor of Surgery; Dr. J. R. 
Moore, Professor of Orthopedic Surgery; Dr. 
H. Z. Hibshman, Professor of Proctology; Dr. 
W. H. Thomas, Professor of Urology; Dr. C. S. 
Wright, Professor of Dermatology; Dr. John H. 
Frick; Dr. H. S. Raines; Dr. Clifford J. 
Ulshafer, Chief Surgeon of Locust Mountain 
State Hospital (Pennsylvania); and Dr. Homer 
D. Junkin, Surgeon-in-Chief of Paris (Illinois) 
Hospital. 
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THE EFFECTS OF SUTURES ON THE STRENGTH OF 
HEALING WOUNDS* 


WITH NOTES ON THE CLINICAL USE OF ANNEALED STAINLESS STEEL WIRE 
SUTURES 


DanigEL J. PRESTON, M.D. 


PHILADELPHIA, PENNSYLVANIA 


NCREASING attention has been given 
in recent years to the subject of tissue 
reactions and wound healing with rela- 

tion to suture materials. Though the use 
of absorbable suture material prevails in 
many localities, there seems to be a trend 
toward the wider use of non-absorbable 
sutures. Experience is teaching that there 
are limitations which govern the results 
obtained with each suture material. The 
object of these experiments was to test the 
strength of healing wounds by mechanical 
methods to determine the effect of sutures 
on wound integrity. 

This study was prompted by observa- 
tions of reopened abdominal wounds at the 
operating table where one could see the 
gross changes produced in living tissues 
by foreign substances used to approximate 
wound edges. At the end of two weeks, an 
upper abdominal incision closed with 
strong catgut could be pulled apart easily 
with small retractors to expose grayish, 
rough, friable, poorly vascularized wound 
edges which appeared to be necrotic in 
places. This appearance was noted by 
Jenkins? in his study of disrupted abdomi- 
nal wounds. He remarks on the difficulty 
of identifying the fascial landmarks in 
these wounds. 

An upper abdominal incision closed 
with annealed stainless steel wire when 
reopened showed firm union of the wound 
edges which strongly resisted the pull with 
retractors. The beginning production of 
white fibrous tissue was evident at the 
end of two weeks in this wound and a 
scalpel was required to divide the layers. 


The friable unhealthy appearance seen in 
wounds closed with catgut was not present. 
The strength of wounds closed with 
catgut seemed largely dependent upon the 
partly digested sutures which remained. In 
the wounds closed with wire the healing 
apparently had advanced farther in the 
same period of time so that wound strength 
was due more to union of the layers and 
was less dependent upon the holding prop- 
erties of the inactive wire sutures. 
Numerous factors other than suture 
materials have their effects upon the rate 
of wound healing and the strength of the 
wound during the healing process. Reid” 
points out the importance of rest for 
wounds and the significance of an ade- 
quate blood supply to nourish the part and 
remove wastes. Howes and Harvey® have 
shown the effect of blood clot, infection, 
and chemical and mechanical trauma in 
delaying the onset of the fibroplastic 
process which initiates wound healing. 
Ebeling* has shown how an elevation of 
temperature increases the rate of cicatri- 
zation and he compares the effect of tem- 
perature on metabolism with the effect 
of temperature on a chemical reaction. 
Hertzler® remarks upon the interposition of 
fat, the action of aseptic necrotic tissue, 
the presence of digestive ferment, and the 
altered coagulability of the blood due to 
systemic disease as factors which prevent 
primary healing. Smelo" considers that the 
chief local factors detrimental to healing 
are foreign bodies, degree and type of 
infection, inadequate blood and nerve 
supply, and traumatism from the dressing. 


* From the Surgical Clinic of W. Wayne Babcock, Temple University Hospital, and the Laboratory for Surgical 


Research of Temple University Medical School, Philadelphia. 
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The remote detrimental forces he ascribes 
to improper diet, disturbance of endocrine 
glands, infection elsewhere in the body, 
and advanced age. 


PROCEDURE 


The animals selected for experimenta- 
tion were two dozen adult male white rats 
which were maintaining their weight or 
had gained weight over a period of two 
weeks or more preceding operation. To a 
diet of ‘‘rat chow,” a commercial prepara- 
tion containing balanced food factors, 
were added leafy vegetables and an un- 
limited water supply. This diet was started 
two weeks or more before operation and 
was continued immediately after operation 
for all animals. They were kept in a com- 
mon cage before operation. Rats which 
had been operated upon were kept to- 
gether in another cage. 

Ether anesthesia was used for all opera- 
tions. The back was prepared by removing 
the hair from neck to tail with a pair of 
hand clippers. No water, soap, antiseptics, 
or germicides were used. A vertical incision 
measuring g to 10 cm. was made with 
sharp scissors down each side of the back, 
cutting through the full thickness of the 
skin. The incisions were then closed with 
sutures carried on a straight spear point 
needle. Four kinds of suture material were 
used, namely: No. o plain catgut, No. o 
chromic catgut, No. 1 braided “serum 
proof” black silk, and 35 B and S gauge 
annealed stainless steel wire. Only one kind 
of suture material was used on any one 
animal. The sutures were spaced so as to 
average three sutures per centimeter. For 
each kind of suture material, eight types 
of suturing were employed, namely: inter- 
rupted tight big bite, imterrupted loose 
big bite, interrupted tight small bite, inter- 
rupted loose small bite, continuous tight 
big bite, continuous loose big bite, con- 
tinuous tight small bite, continuous loose 
small bite. No dressing or protective device 
was used on any of the incisions. An effort 
was made to reduce chemical and mechan- 
ical trauma toa minimum during operation. 
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Two weeks after operation the animals 
were again anesthetized with ether. The 
wounds were inspected and all sutures 


Fic. 1. Apparatus for testing the tensile strength 
of excised wound segments. 


which remained were carefully cut and 
removed without disturbing the integrity 
of the wounds. This was done so that the 
strength of the wounds when tested would 
in no way be dependent upon the holding 
strength of remaining sutures. The skin 
wounds were then excised and segments 
were cut to measure 1 cm. These were 
tested without delay on the apparatus. The 
force necessary to pull apart a I cm. seg- 
ment of incision was indicated on the 
scale. For each type of suturing used, two 
or more tests were made and the average 
recorded. 

The testing apparatus (Fig. 1) consisted 
of a frame with parallel vertical supports 
holding a transverse piece at the top from 
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which was suspended a calibrated suture 
testing scale made, by the Holland Com- 
pany of Willimantic, Connecticut. Within 


1000, 


5004 


Cuarr 1. Strength in kg. of 1 cm. excised skin 
wounds of rats at two weeks. The averages of 
test results on specimens closed by inter- 
rupted, continuous, tight, loose, big bite, 
and small bite suturing with: a, 35 gauge 
annealed stainless steel wire; B, No. 1 
braided “serum-proof” black silk; c, No. o 
chromic catgut; p, No. o plain catgut. 


the vertical support was placed a rectan- 
gular platform bearing a 10 Kg. weight. 
From the testing scale hung a system of 
two clamps which held the ends of the 
excised wound segment to be tested. The 
platform bearing the 10 Kg. weight could 
be hoisted and the lower tissue clamp 
attached to it. By lowering the platform 
slowly the tissue clamp system could be 
made taut and at this point the platform 
was halted and made fast by a supporting 
twine tied above. When the twine was cut 
with scissors, the falling 10 Kg. weight on 
the platform pulled directly against the 
vertically arranged tissue clamps and test- 
ing scale system with more than sufficient 
force to pull apart the segment of incision 
held between the clamps. The amount of 
force which the incision resisted before 
breaking was registered on the testing scale. 
An accurate reading of the strength was 
facilitated by a ratchet which prevented 
the scale from snapping back when the 
tissue broke and the pull ceased. 


RESULTS 


The average weight of the rats used was 
198.6 Gm. at the time of the first opera- 
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tion. Sixty per cent of these animals lost 
an average of 29.3 Gm., 40 per cent gained 
an average of 3.1 Gm., and none died dur- 
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CuHarT ul. Average tensile 
strength in kg. of 1 cm. 
excised skin wound seg- 
ments of rats at two 
weeks. A, closed with in- 
terrupted sutures. B, 
closed with continuous 
sutures. Wire, silk, chro- 
mic and plain catgut were 
used with big bite, small 
bite, tight, and loose 
stitches for each suture 
material. 


ing the two weeks interval between 
operations. 

Table 1, column A, tabulates the results 
of tests on wounds which had been closed 
with No. o plain catgut. The interrupted 
loose big bite specimen showed several 
enlarged stitch holes with a small zone of 
necrosis and scanty purulent discharge. 
This portion was not included in the tests 
since it appeared much weaker than the 
remainder of the wound. AII of the wounds 
appeared slightly swollen and most of the 
stitch holes showed a local zone of ery- 
thema. The weakness of the interrupted 
loose small bite specimen seemed to be 
due to an increased involvement of the 
wound edges by tissue reaction to the 
sutures. 

Table 1, column B, lists the tensile 
strength of wound segments which had 
been closed with No. 0 chromic catgut. A 
similar local reaction around these sutures, 
as seen in the plain catgut incisions, was 
present but seemed less marked. The 


2000 
1§00 1425 
: 
1048 1076 
ABBRC BD ABB 
4 
> 
q 


New Series Voi. XLIX, No. 1 


interrupted tight big bite and continuous 
loose big bite specimens showed pus 
around several of the sutures. In the con- 
tinuous tight small bite and interrupted 
loose small bite specimens the suture 
material had been completely extruded or 
absorbed, and these wounds did not show 
infection. 

Table 1, column C gives the results of 
tests on wounds which had been closed 
with No. 1 braided “‘serum proof” black 
silk. Several wounds showed very little 
reaction to the suture. Others had a zone 
of erythema around the stitch holes but 
only the continuous loose big bite specimen 
showed pus in the stitch holes. 

Table 1, column D, lists the tensile 
strength of wounded segments which had 
been closed with 35 gauge annealed stain- 
less steel wire. There was a minimum of 
reaction about the sutures. No swelling, 
no zone of erythema, and no gross infec- 
tion were seen in any of these wounds. 
The sutures had been extruded from the 
interrupted tight small bite specimen. The 
edges of skin in the continuous tight big 
bite specimen had been rolled in, due to the 
type of suturing, which gave no edge-to- 
edge contact. This resulted in an unsatis- 
factory and weak wound. 


TABLE 1* 


Interrupted tight big bite........ 1010| 620|1360} 820 
Interrupted loose big bite........ 2520] 930/1880|1970 
Interrupted tight small bite...... 590| 930|1880/1970 


Interrupted loose small bite...... 500|2540|2260|2220 


Continuous tight big bite........ 540|1760| 820} 690 
Continuous loose big bite........ 890} 820]1020|1280 
Continuous tight small bite...... 840| 770] 710| 570 
Continuous loose small bite...... 1300| 820|1260/2540 


* Tensile strength in Gm. of 1 cm. excised skin wound 
of rat at two weeks. Column A, wounds closed with 
No. o plain catgut. Column B, wounds closed with No. o 
chromic catgut. Column C, wounds closed with No. 1 
braided “‘serum-proof” black silk. Column D, wounds 
closed with 35 gauge annealed stainless steel wire. 


Chart 1 compares graphically the aver- 
ages of results listed in Table 1. It shows the 
superior tensile strength found in wounds 
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closed with .non-absorbable sutures. The 
absence of tissue reaction and gross infec- 
tion about the wire sutures may have been 


GM. 
2000 


1540 


15004 


10004 


5001 


Cuart 1. Average tensile 
strength in kg. of 1 cm. 
excised skin wound seg- 
ments of rats at two weeks. 
A, sutures loose, sufficient 
for approximation of 
wound edges. B, sutures 
tight. Wire, silk, chromic 
and plain catgut each used 
with interrupted, contin- 
uous, big bite, and small 
bite types of suturing. 


the factors accounting for the greatest 
average strength of the wounds closed 
with wire. 

Charts 11, 111, and 1v compare the tensile 
strength of wounds with regard to the 
types of suturing used without considera- 
tion of the kind of suture material used. 
Chart v is derived from Charts 11, 111, and 
Iv. It is a graphic comparison of the type 
of suturing which gave the strongest 
wounds and the type which gave the weak- 
est wounds. This shows the detrimental 
effect on wound strength of continuous 
tight big bite sutures which reduce blood 
supply to the wound, and the favorable 
effect of encouraging blood supply by the 
use of interrupted loose small bite stitches. 


COMMENT 


According to Howes,’ an ideal suture 
should fulfill the following postulates: 

1. It should hold the wound edges to- 
gether until the wound is healed. 


| 
| 
| | | 
| 
j 
: 
; 
4 
H 
| 
~ 
| 
| 
| 
| 
| 
4 


e 


60 American Journal of Surgery 


2. It should not be affected by or take 
part in any untoward reaction during 
healing. 
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CuHart iv. Average tensile 
strength in kg. of 1 cm. 
excised skin wound seg- 
ments of rats at two weeks. 
A, small bite suturing. B, 
big bite suturing. Wire, 
silk, chromic and plain cat- 
gut each used with inter- 
rupted, continuous, tight 
and loose types of suturing. 


3. It should be absorbed or become 
innocuous shortly after the wound is 
healed. 

Annealed stainless steel wire was first 
introduced as a surgical suture and liga- 
ture in 1932 by Babcock.!?* It was the 
only suture material used in these experi- 
ments which fulfilled the requisites for an 
ideal suture. 

The ability of a contaminated wound to 
heal without suppuration when closed 
with stainless steel wire is illustrated by 
the following representative case. 


CaseEl. E.K., aschool girl aged 15, entered 
Temple University Hospital on December 9, 
1937, with a chronic abdominal sinus, discharg- 
ing pus. An appendectomy for acute perforated 
appendicitis had been done elsewhere in 
February, 1937. The wound had healed after 
six weeks. In May, 1937 a large pelvic abscess 
had been drained through the abdomen and 
the chronic discharging sinus had persisted 
since then. Roentgenograms taken after iodized 
oil had been injected into the sinus showed two 
large globular shadows at the pelvic inlet on 
the left side. At operation a gauze sponge left 
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in the abdomen at previous operation was 
removed from the pelvic abscess. Iodoform 
gauze was packed into the abscess cavity and 
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CuarT v. Average tensile 
strength in kg. of 1 cm. 
excised skin wound seg- 
ments of rats at two 
weeks. A, interrupted 
loose small bite suturing 
resulted in the strongest 
wounds. B, continuous 
tight big bite suturing re- 
sulted in the weakest 
wounds. 35 gauge an- 
nealed stainless steel wire, 
No. 1 braided ‘“‘serum 
proof” black silk, No. o 
chromic catgut, and No. o 
plain catgut were used for 
each. 


later brought out through an incision in the 
posterior vaginal cul-de-sac. The abdominal 
wound which had been grossly contaminated 
by pus was closed in layers with annealed 
stainless steel wire without a drain. An anaero- 
bic culture of pus from the pelvic abscess grew 
many hemolytic streptococci. The patient was 
allowed out of bed on the fifth postopera- 
tive day. Skin sutures were removed from the 
abdominal wound on the seventh postoperative 
day. No suppuration occurred in the abdominal 
wound which healed per primam, and the 
patient left the hospital on the ninth post- 
operative day. 


Wire sutures buried in a contaminated 
field do not act as a nidus for infection as 
may occur when catgut or silk are em- 
ployed. In a grossly infected wound wire 
sutures heal in and are covered by granu- 
lation tissue without the formation of 
infected sinuses. Wounds of the mucous 
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membranes heal favorably when closed 
with stainless steel wire as reported by 
Genkins.® 

Inaclinical study of thirty-six cases of ab- 
dominal wound disruption Jenkins® found 
that thirty-one of these had been closed 
with chromic catgut, four with linen, and 
one with silk. During absorption of the 
catgut the local reaction to foreign protein 
substances delays healing and produces 
edematous friable wound surfaces, which 
causes dangerous weakness in abdominal 
wounds under tension. The following case 
report emphasizes the undesirable qualities 
of catgut where early strength of the wound 
is required. 


CASE II. 
ple University Hospital on November 18, 1935, 
for radical resection of a carcinoma of the 
rectum. A one stage abdominoperineal procto- 
sigmoidectomy with formation of a perineal 
colostomy was done on November 21, 1935. 
The vertical lower left rectus abdominal wound 
was closed with continuous No. 1 chromic cat- 
gut for the peritoneum, continuous No. 2 
chromic catgut “reinforced” with interrupted 
stainless steel wire sutures for the anterior 
sheath of the rectus, and the skin was closed 
with continuous wire sutures. 

His condition was satisfactory after opera- 
tion. The skin sutures were removed on the 
sixth postoperative day. Several hours later a 
loop of small intestine was found to have pro- 
truded between the wound edges and was lying 
between the gauze dressing and the skin. The 
wound did not show evidence of gross infec- 
tion and was immediately resutured. Suppura- 
tion of the wound followed and the patient’s 
condition was critical for several days. When 
he left the hospital one month after admission. 
the abdominal wound was healed but showed 
a large reducible incisional hernia. 


In this case both wire and catgut were 
used to close the rectus sheath which is 
important in maintaining the strength of 
this type of wound. The use of wire to 
“reinforce” the continuous catgut suture 
gave the operator a false sense of security 
since. the reaction of the tissues to the 
catgut with delay in healing occurred just 
as if the wire sutures had not been used. 
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Mr. W. G., aged 66, entered Tem- 
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In two years of observation I have not seen 
an abdominal wound disruption where 
wire alone was used to close the abdominal 
wall. 

The possibility of receiving puncture 
wounds of the hands and fingers from the 
ends of wire sutures is a constant danger. 
The perforation of the glove which breaks 
sterile technique Is a hazard to the patient. 
Perhaps a greater danger is borne by the 
operator, especially when working in a 
septic field. This is illustrated by the follow- 
Ing case report: 


Case 11. Dr. G. A., a surgeon, aged 56, 
was admitted to Temple University Hospital 
on January 20, 1938, with a cellulitis of the 
left index finger, lymphangitis of left arm and 
forearm, and enlarged ten<2r lymph nodes in 
the left axilla. On Janva-y 18, 1938 while 
amputating a leg for diaoetic gangrene with 
hemolytic streptococcic cellulitis he accidently 
punctured his left index finger with the end of 
a wire suture. The finger was washed at once 
with a solution of mercuric chloride. Thirteen 
hours later the finger became red, swollen, and 
had a throbbing sensation. Within twenty-four 
hours after the injury he had a chill and the 
temperature rose to 103°F., at which time red 
streaks were visible on the flexor surface of the 
forearm and arm. A culture from pus released 
by incision of the left index finger on January 
26, 1938 grew hemolytic streptococci in pure 
culture. 


To guard against punctured wounds 
from wire ends, a hemostat clamped over 
the end of the wire by the nurse before 
handing it to the operator is a worthwhile 
precaution. 

Since there is a minimum of tissue reac- 
tion around buried wire sutures there is 
less tendency for local fibrosis and en- 
capsulation of the suture when healing is 
completed. 


Case tv. Mrs. D., housewife of 46 years, 
who had had a cholecystectomy twenty-three 
months previously, returned to the out-patient 
clinic with a 2 cm. piece of stainless steel wire 
which she had pulled out of the skin overlying 
the right tibia. A slight sticking sensation on 
pressure over this point had been felt for about 
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two months before the end of the wire perfo- 
rated the skin and was pulled out. There was 
no inflammatory reaction or discharge from 
the small puncture wound over the right tibia 
and it healed without treatment. 


In this instance the short straight piece 
of wire had probably been left in the 
cholecystectomy wound by accident during 
operation. Apparently it was propelled 
along fascial planes by muscular action 
much the same as a small straight needle 
would be. The precaution of clamping both 
ends of a wire suture with a hemostat after 
the knot is tied and before the ends are cut 
will facilitate removing loose pieces of wire 
from the operating field. 


The operator usually will find that he - 


cannot work so rapidly with wire sutures at 
first as he can with the suture material to 
which he is accustomed. This is due to the 
different handling qualities of wire which 
may be compared to the difference in 
handling catgut and silk. In tying knots 
with wire more force is required, especially 
with the larger sizes. For this reason it has 
been found convenient to use a curved 
hemostat in grasping the end of the wire so 
that a good purchase can be obtained to 
lay each knot down firmly. As the wire is 
pulled in tying a knot, a point is reached 
where increased friction is felt and often 
the wire can be heard to creak. If a wire 
which has been stretched is examined 
under a microscope, one will find numerous 
fine transverse crevasses which were pro- 
duced as the wire elongated during the 
pull. These markings act as fine teeth to 
increase the friction as a knot is tied and 
may play an important role in preventing 
disruption of the knot. 

Buried wire sutures show on a roentgeno- 
gram. One radiologist has likened their 
appearance to flying gnats, the short cut 
ends representing wings. Because of the 
small size of the knots it is doubtful if they 
ever obstruct the view of the radiologist. 

In the results of the experiments on rats, 
it has been shown that the chief factors 
responsible for variations in the tensile 
strength of healing skin wounds were local 
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tissue reaction due to the kind of suture 
material used, and modification of blood 
supply to the healing wound by the type of 
suturing employed. 

A good blood supply to a wound is an 
important local factor during the healing 
process. If one studies a chart of normal 
skin temperatures of the human body one 
observes an indirect ratio between the skin 
temperature of a given part and the length 
of time required for wounds to unite in this 
region. A close parallel of skin temperature 
and local blood supply will be apparent 
when the vascular anatomy of a given 
region is understood. For these reasons, 
wounds of the head and neck heal quickly; 
following thyroidectomy the skin sutures 
may be removed on the second and third 
postoperative days, while skin sutures in 
abdominal wounds should be left until the 
sixth or seventh days, and in wounds of the 
feet until the eighth day or longer. 

If the normal anatomic distribution of 
blood to any injury is discounted, then the 
operating surgeon becomes the greatest 
single factor influencing the healing of 
surgical wounds. He is responsible for 
selecting the suture material, placing the 
sutures, and tying the knots and it is upon 
these things that the rate of healing and 
the strength of clean surgical wounds 
chiefly depend. 


SUMMARY AND CONCLUSION 


1. Skin incisions in white rats closed 
with various absorbable and non-absorb- 
able suture materials were excised at the 
end of two weeks and segments of the 
wounds were tested on a special apparatus 
to determine their tensile strength. 

2. Skin wounds of rats closed with 
annealed stainless steel wire possessed the 
greatest average strength and showed the 
least local reaction to the suture material. 

3. Skin wounds of rats closed with No. o 
plain catgut were the weakest and showed 
the greatest local reaction to the sutures. 

4. Gross infection was not found in any 
of the wounds closed with wire, but was 
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present in some of the wounds closed with 
silk, chromic catgut, and plain catgut. 

5. The type of suturing which resulted 
in the strongest skin wounds in rats was the 
interrupted loose small bite stitch. The 
wounds which were found to be the weakest 
had been closed with the continuous tight 
big bite stitch. 

6. Comment on some of the clinical 
advantages and disadvantages of annealed 
stainless steel wire as a surgical suture is 
given. 
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SUBDURAL HEMATOMA 


W. D. Assott, M.D. 


Attending Neurosurgeon, Mercy, Iowa Lutheran 
and Iowa Methodist Hospitals 


DES MOINES, IOWA 


HE purpose of this paper is to empha- 

size the frequency of dural hematoma 

as a sequel to cerebral trauma and to 
discuss some of the salient pathologic and 
clinical features. Recent publications by 
other authors® and ourselves'* have re- 
viewed the historical and etiologic phases 
of the subject so that a repetition is not 
deemed advisable. In the past few years, 
many papers on this subject have appeared 
in the literature. Those of Putnam and 
Cushing, as well as those of Leary, have 
been particularly descriptive. According to 
these authors, hematomas may be divided 
into two groups, spontaneous and trau- 
matic. The so-called spontaneous or vascu- 
lar type of hematoma is found particularly 
in chronic wasting diseases, such as paresis, 
as well as in chronic and acute alcoholism. 
The traumatic or reactive form is found 
chiefly following trauma, but it overlaps 
the first group somewhat as it may be 
found associated with certain of the condi- 
tions just mentioned. 

Although by no means the first to 
describe subdural hematoma, Virchow in 
1857 brought this particular entity to the 
attention of physicians. He proposed the 
theory that in certain cases where there was 
chronic inflammation of the dura, an 
exudation of fibrin took place. Into this 
thin film capillaries grew, which under the 
influence of continued inflammation and 
hyperemia, ruptured and produced small 
hematomata which in turn became organ- 
ized. This theory has profoundly influenced 
subsequent workers although much other 
work has been done and numerous other 
theories have been advanced. 

Anatomy. The dura is thick, dense, 
inelastic fibrous membrane which lines the 
interior of the skull where it forms an 
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internal periosteum. The dura has a rich 
blood supply and receives numerous ar- 
teries. In the anterior fossa there are 
branches from the anterior ethmoidal, 
posterior ethmoidal, internal carotid, and 
middle meningeal arteries. In the middle 
fossa, branches enter from the ascending 
pharyngeal, internal carotid, and lacrimal 
arteries and the posterior fossa receives 
branches from the occipital, vertebral, 
ascending pharyngeal and middle menin- 
geal arteries. The veins, with the exception 
of the middle meningeal vein, anastomose 
with the diploic veins and empty into the 
sinuses. According to Kaump and Love, 
as well as Hannah, the dura consists 
microscopically of three layers. The outer 
Iayer which lines the skull is composed 
largely of dense fibrous connective tissue, 
and it is in this layer that the large vessels 
course. The inner layer consists of fibrous 
connective tissue but in a somewhat looser 
arrangement than the outer. This layer 
apparently has a scanty blood supply and 
it is lined by a thin flattened layer of fibro- 
blastic cells. The middle layer, with which 
we are most concerned, is composed largely 
of loose fibrous connective tissue in which 
there are many small vessels and numerous 
endothelial lined spaces which may be 
empty or which may contain blood cells. 
Histopathology. KKaump and Love have 
reported a series of thirty post-mortem 
specimens of so-called subdural hematoma. 
Thirteen of the hematomata were of the 
traumatic type and the remaining seven- 
teen were considered to be of the spontane- 
ous type. The hematomata described in 
this series of cases were all of a similar 
character. There was no change in the 
outer or periosteal layer of the dura mater 
except in the case of older lesions where 
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phagocytes laden with pigment were usu- 
ally seen. This pigment was largely in the 
form of hemosiderin and was seen in 


occasional small collections of lymphocytes 
were noted, but it must be remembered 
that this reaction might be readily due to 


Fic. 1. Roentgenogram revealing widltiple linear fracture in 
the left temporal and parietal bones. 


sections stained for iron. There frequently 
was some hyalinization of the connective 
tissue. The middle layer in which the 
hematoma formed was filled with blood in 
various stages of degeneration, the more 
advanced degeneration appeared in older 
lesions. The inner lining of the hematoma 
was composed of new connective tissue 
cells. This organization was best seen at the 
angle where the separation in the dura had 
occurred. At this place bands of newly 
formed fibroblasts projected into the de- 
generating blood clot. In this new tissue 
and external to it were seen the dilated 
endothelial lined spaces which occasionally 
contained erythrocytes. These spaces were 
irregular and varied greatly in size. The 
inner or meningeal layer was thickened, 
edematous and contained many fibroblasts 
in the process of organizing the clot. 

In a few of the cases sections were taken 
from positions remote to the site of the 
hemorrhage. These were examined for 
evidence of chronic inflammation particu- 
larly, and so far as could be determined 
they appeared to be normal. This does not, 
however, eliminate the possibility of a 
localized area of inflammation predisposing 
to hematoma formation. In examining the 
sections taken through the hematomata, 


destruction of blood as to any chronic 
inflammation. 

In the one case in which there was clini- 
cal and serological evidence of syphilis, and 
in which the lesions resembled miliary 
gummas, the lesions were undoubtedly due 
to syphilis and in this case may conceivably 
have played a part in the production of the 
hematoma. In all three cases in which there 
was an associated blood dyscrasia, collec- 
tions of lymphocytes were noted. Here 
again as in the presence of syphilis, one 
must definitely consider the possibility of a 
local accumulation of lymphocytes playing 
a causative role in the formation of the 
hematoma. 

Contradictory reports have been pub- 
lished as to the fate of blood subdurally 
injected, and Putnam and Putnam said in 
part that, “Apparently a true progressive 
chronic hematoma of the dura has never 
been produced experimentally. The lesions 
seen after the subdural injection of blood, 
and in patients after operation resembled a 
progressive lesion in appearance, but not in 
behavior.” From a_ purely theoretical 
standpoint, it would seem plausible that 
blood set free in this potential space would 
flow to the dependent portions and fail 
to become encapsulated, simply because 
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of the diffuse distribution of the blood. In patients in the earlier stages, are not fully 


this regard, it might be said that in our 


aware of the condition itself, its insidious 


experience at least, blood subdurally located developments and the methods whereby 


Fic. 2. Encephalogram revealing slight dila- 
tation of the ventricular system with no 
evidence of air over cerebral hemispheres. 


at the site of trephine wounds organizes from 
the dural side only and shows no evidence of 
membranous formation. No evidence could 
' be deduced from this series of cases which 
would put all cases of so-called subdural 
hematoma into one etiologic classification, 
that is, traumatic or spontaneous. It should 
be kept in mind that only relatively slight 
trauma may produce these hematomata 
and also that in the group of cases in which 
spontaneous hematomata appeared the 
history was often unreliable and mishaps 
of a slight nature could have readily been 
overlooked. These considerations together 
with the known etiologic réle played by 
trauma in many cases tend to make one 
feel that they may well have all been of a 
traumatic nature. 

Diagnosis. So-called subdural hema- 
toma still goes unrecognized in a large 
percentage of cases. Neurologists and 
neurosurgeons who are constantly seeing 
cases of increased intracranial pressure and 
of cerebral compression usually consider 
the lesion in the differential diagnosis of 
many intracranial lesions, particularly if 
there has been a history of cranial trauma. 
The general surgeon and the general practi- 
tioner, however, who see most of these 


Fic. 3. Posterior-anterior view of encephalo- 
gram, revealing absence of air over cerebral 
hemispheres. 


diagnosis can be made during the optimal 
time for successful treatment. 

The clinical picture presented by pa- 
tients with subdural hematoma is quite 
confusing and any evidence of a pathologic 
nature which might aid in the identification 
of this condition is to be sought for. The 
latent period is perhaps the most character- 
istic of all the clinical features of so-called 
subdural hematoma and perhaps the most 
difficult to explain. The period preceding 
the onset of the neurologic signs may 
apparently be uneventful or in the cases in 
which there is a definite history of trauma, 
symptoms may be initiated by a period of 
unconsciousness immediately following the 
injury. The patient appears to recover from 
this in the space of a few minutes and then 
after a varying period of time, often several 
months, he begins to show definite neuro- 
logic signs. 

It is possible that the cessation of bleed- 
ing is brought about by an increased 
intracranial pressure due partly to the 
hemorrhage. Into this clot grow newly 
formed vessels which are fragile and can 
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easily be damaged and lead to further 


the endothelial lined tissue spaces men- 


bleeding. This theory of successive bleeding _ tioned previously. 


seems most logical, although Monroe and 


Perhaps the most confusing of the clini- 


Fic. 4. Incision in superior temporal bone (small inset). Trephine 
opening and method of aspirating contents of hematoma (larger 


diagram). 


Merritt have also postulated a very ingeni- 
ous theory to explain the growth of these 
expanding lesions. They maintain that 
every subdural hematoma starts as a 
mixture of blood and cerebrospinal fluid. 
With the dissolution of the blood there is an 
increased protein content and with diffu- 
sion of fluid across the pia arachnoid there 
results an increasing volume of solution. 
This dissolution of blood with the con- 
sequent increased protein content covers a 
period of about sixteen days following 
which rapid dilution takes place for the 
two succeeding weeks. Slower dilution then 
takes place for at least two months. This 
explanation may be a logical one if we grant 
the admixture of blood and cerebrospinal 
fluid. This could occur only in case the 
arachnoid was torn and such an admixture 
obviously could not occur in hemorrhages 
which are truly intradural. Furthermore, 
the cerebrospinal fluid would, in cases of 
intradural hemorrhage, of necessity diffuse 
through the arachnoid as well as the inner 
layer of the dura. It might be just as logical 
to suppose that, if dilution actually does 
take place, the fluid added is derived 
directly from the blood stream by means of 


cal signs presented lies in the bizarre 
nature of the neurologic signs. It must be 
remembered that a large unilateral tumor 
or hematoma may cause sufficient pressure 
to compress the opposite cerebral peduncle 
on to the cerebellar tentorium. This, of 
course, produces damage to the pyramidal 
tract and results clinically in paradoxical 
homolaterality of the pyramidal tract 
signs such as the Babinski reflex, spasticity, 
clonus and increased reflexes. The sensory 
relations remain undisturbed, as a rule, 
because of their deep seated location in the 
lemnisci. 

The other group of clinical signs which 
might occur is general and is due to the 
increase in intracranial pressure. It is thus 
seen that this apparent confusion of clinical 
signs can best be interpreted in the knowl- 
edge of the pathologic change which may 
be present. Furthermore, in addition to the 
evidence gained by history and neurologic 
examination, diagnosis may be quite read- 
ily confirmed by the presence of choked 
discs and various changes in the reflexes, 
station and gait. In a few instances 
roentgenograms of the skull reveal calcifica- 
tion in a subdural hematoma, but these 
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usually are in patients in whom the lesions 
are more chronic in nature. More often it is 
necessary to utilize laboratory tests such as 


Fic. 5. Method of removing adherent hematoma 
from surface of brain. 


cerebrospinal fluid studies to prove the 
existence of increased spinal fluid pressure 
and xanthochromic fluid. In many in- 
stances ventricular and encephalographic 
studies must be carried out. 


TABLE 1 
525 CONSECUTIVE HEAD INJURIES 
Type of Injury Number | Per Cent 
Dural hematoma............. 51 9.7 
TABLE I 


RESULTS IN FIFTY-ONE CASES OF DURAL HEMATOMA 


Number | Per Cent 


Clinical Material. A summary of the 
findings and results in fifty-one cases of 


dural hematoma are included in Tables 
I to v. 
TABLE III 


SUMMARY OF SIGNS AND SYMPTOMS IN FIFTY-ONE 
PATIENTS WITH DURAL HEMATOMAS 


Number |Per Cent 


Personality changes.............. 17 33.3 
Unilateral dilatation of pupil...... 7 13.7 


Latent period (5 days to 11 months 
—average 514 months) 


TABLE Iv 
Age: 10 months to 67 years 
Sex: Males 38—Females 13 


TABLE Vv 
TECHNICAL MEASURES USED 


Number | Per Cent 


Encephalography............ 10 19.2 
Ventriculography............ 3 
Trephine and drainage........ 35 67.3 
Osteoplastic flap............. 16 30.7 


CASE REPORTS 


In order to demonstrate more graphically 
certain of the diagnostic difficulties which 
are encountered, we have summarized the 
salient features in six cases from this group 
of fifty-one. 


Case 1. Female, aged 17, was in an auto 
accident September 5, 1933, which resulted in 
coma, paralysis of the right face, arm and leg, 
and laceration of the right arm. Gas gangrene 
developed September 17, 1933. Blood trans- 
fusion and gas bacillus serum were adminis- 
tered intravenously. On October 6 the patient 
was still in coma. The left frontoparietal flap 
was turned and the dural hematoma removed. 
The patient regained consciousness on October 
13, moved her right leg October 14, and talked 
on November 10. Complete recovery ensued. 
This case illustrates the accompaniment of 
the rather rare complication of gas gangrene. 
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Fortunately the patient survived both the 
hematoma and the gas gangrene. 

Case ul. Male, 38, a known alcoholic, fell 
in a cement driveway January 21, 1934. He was 
thought to be drunk, and remained comatose. 
He was taken to the hospital seventy-two 
hours later. The right pupil was dilated and 
there was paralysis of the left extremities with 
a positive left Babinski. Roentgenograms re- 
vealed a linear fracture of the right temporal 
bone. (Fig. 1.) The spinal fluid was under in- 
creased pressure and xanthochromic. A dural 
hematoma was removed on February 1, 1934 
and complete recovery followed. This case 
illustrates the role of alcohol. The confusion 
of an accident in a known alcoholic is obvious; 
a severe cranial injury may be present and be 
masked by symptoms of alcoholism. 

Case ut. Male, 7, was struck by a car 
April 30, 1937. He remained semi-comatose for 
three days with headaches on exertion. Later 
there was a personality change, with failure in 
school and extreme irritability. Physical exam- 
ination was essentially negative. Encephalog- 
raphy on May 26, 1937 revealed a bilateral 
defect over the cerebral hemispheres. (Figs. 
2 and 3.) On June 10 the bilateral dural hema- 
toma was removed and recovery followed. 
This illustrates the insidious progress of hema- 
tomata which are often first evidenced by head- 
aches on exertion and marked change in 
personality. 

Case tv. Female, 39, was kicked in the face 
two days prior to admission and rendered un- 
conscious. She was admitted in coma. There 
was a history of heavy drinking just prior to the 
injury. Examination was negative except for 
the obvious moribund condition. The patient 
expired thirty minutes after admission. Nec- 
ropsy revealed a large dural hematoma com- 
pressing the right cerebral hemisphere. Here 
the réle of alcohol had confused a possibility 
of the organic lesion which caused death. 

Case v. Male, 45, on August 15, 1935 
suffered a severe head injury and was comatose 
for four days. Subsequently he developed grad- 
ual loss of memory and was placed in a psycho- 
pathic hospital for two months. Examination 
revealed an emotionally unstable male who 
cried readily and complained of vomiting. 
There was a right hemiparesis. On March 20, 
1936, removal of bilateral dural hematomata 
resulted in complete recovery. 


Case vi. Female, 32, a known alcoholic, 
fell off a couch in an alcoholic stupor in Feb- 
ruary, 1938. She suffered from severe headaches 
and a right hemiplegia for three weeks. The 
spinal fluid revealed increased pressure and 
clear fluid. On examination she was dull and 
disoriented, with divergent strabismus of the 
right eye and a right hemiplegia. A dural hema- 
toma was removed on the right. Exploration 
of the left cerebral hemisphere disclosed no 
abnormality. This illustrates a case of par- 
adoxical homolaterality. 


SURGICAL TECHNIQUE 


In most instances these hematomas are 
of such chronicity that removal may be 
done through a small opening in the poste- 
rior temporal region. Evacuation is accom- 
plished by irrigating the subdural or 
intradural space with saline solution fol- 
lowed by the application of a suction 
apparatus. (Fig. 4.) Occasionally the hema- 
toma Is so densely adherent to the pia that a 
larger opening must be made. This is done 
by turning an osteoplastic flap after which 
the clot can usually be satisfactorily 
evacuated. (Fig. 5.) It is our custom to 
make an incision and small trephine open- 
ing in the posterior temporal region on each 
side so that a bilateral dural hematoma will 
not be overlooked. The postoperative care 
differs somewhat from the routine care 
following removal of the usual cerebral 
tumor. Coleman has shown that following 
long compression, the brain does not return 
to its normal proportions and these pa- 
tients frequently die from continued cere- 
bral compression. Therefore, it is our 
custom to administer fluids generously to 
these patients for several days. If signs of 
cerebral edema develop they may be 
combated by the use of hypertonic fluids 
intravenously or by bowel and by judicious 
cerebrospinal fluid drainage. 


SUMMARY 


In this article are reviewed the salient 
clinical and pathologic aspects of dural 
hematoma. The intradural character of the 
clot, the pathologic picture and the para- 
doxical homolaterality of pyramidal signs 
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which may occur are stressed. Included is a 
review of the information gained from a 
study of fifty-one cases of dural hematoma 
as well as a summary of signs, symptoms 
and operative procedures used. Finally, we 
have included a summary of the findings on 
six patients in order to better demon- 
strate the diagnostic difficulties often 
encountered. 
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A SATISFACTORY program for convalescing psychiatric patients includes 
an environment in which wholesome and attractive ways of living are 
maintained, an intelligent and well-trained nursing service, occupational 
therapy, physical education, and physiotherapy, all under medical super- 
vision with opportunity for frequent interviews of patient by physician. 


From—‘“‘Convalescent Care” (New York Academy of Medicine). 
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RETROPULSION OF THE LUMBAR INTERVERTEBRAL DISCS 
AS A CAUSE OF LOW BACK PAIN WITH UNILATERAL 
“SCIATIC” RADIATION* 


ROENTGENOLOGIC DIAGNOSIS, WITH SPECIAL REFERENCE TO IODOLOGRAPHY 
J. Maurice Rosinson, M.D. 


SAN FRANCISCO, CALIFORNIA 


EVENTY-FIVE patients have been 
operated upon at the Massachusetts 
General Hospital for the relief of symp- 

toms resulting from compression of some 
portion of the spinal cord or cauda equina 
by a discrete, circumscribed cartilaginous 
mass protruding from the posterior margin 
of an intervertebral disc. Similar lesions 
have been recognized by neurosurgeons as a 
definite entity ever since Stookey’s report 
in 1928 of eight cases of intervertebral disc 
“‘chondroma,” all in the cervical region. It 
is now generally recognized that the terms 
““chondroma,” “‘enchondroma,” “‘ecchon- 
drosis,” “fibroma,” ‘‘fibrochondroma,”’ 
etc., formerly used to describe them, were 
misnomers; these are not true tumors or 
fibrocartilaginous hyperplasia, but local- 
ized herniations or prolapses of the disc 
into the spinal canal. Prior to 1934 there 
were approximately forty-five of these cases 
in the entire literature. Elsberg’s fifteen 
cases and the eight reported by Stookey 
accounted for about half of them. The 
others were covered in isolated reports 
from a dozen different sources. 

The number has more than quadrupled 
in the past three years. This rapid increase 
has followed the discovery that unilateral 
lumbar ruptures{ are the primary cause of 
disability in a certain percentage of pa- 
tients suffering from recalcitrant low back 
pain with unilateral “‘sciatic” radiation 
down the posterior, lateral, or postero- 


+ The expressions “rupture” or “ruptured disc” 
used throughout this paper, refer to a rupture or pro- 
lapse of the disc into the spinal canal—a retropulsion— 
unless otherwise indicated. 


lateral surface of the thigh and calf. The 
clinical syndrome has been practically in- 
distinguishable from that usually ascribed 
to recalcitrant low back strain, sacroiliac 
disease, idiopathic sciatica, etc., so that it 
has been necessary to consider these 
lesions in the differential diagnosis of these 
varied conditions. 

Laminectomy and ablation of the offend- 
ing nodule is attended by a favorable 
prognosis. Laminectomy is, however, a 
major surgical procedure, not to be lightly 
undertaken. Definite preoperative diag- 
nosis is therefore of the greatest importance. 

This paper will concern itself principally 
with the roentgenologic problems involved 
and more particularly with the examina- 
tion of the subarachnoid space after 
iodized oil has been injected into it—a 
procedure which has come to be of para- 
mount importance in determining both the 
presence and location of the rupture. 

Various papers have already appeared 
describing the pathological, clinical, surgi- 
cal and roentgenologic aspects of this 
interesting and important group of cases. 
In the first of these, which appeared in 
1934, Barr and Mixter reported nineteen 
cases. They established that the histologic 
structure was that of some element of the 
intervertebral disc—nucleus pulposus, an- 
nulus fibrosus, or, more often, both. They 
also emphasized the presence in some of 
these cases of findings indistinguishable 
from lumbosacral or sacroiliac strain— 
painful rigid back, “sciatic” radiation of 
pain, limitation of straight leg raising, 
sciatic scoliosis, etc. 


*From the Department of Roentgenology, Massachusetts General Hospital and the Division of Roentgen- 
ology, University of California Hospital. Presented in the Symposium on Fractures of the Spine before the American 


Academy of Orthopedic Surgeons, January 19, 1938. 
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Following this, similar cases were dis- 
covered with increasing frequency. In 1934 
Mixter and Ayer added fifteen. Practically 
all of these were unilateral ruptures of the 
fourth or fifth (lumbosacral) disc. This was 
the first report in the literature of a group 
of cases in which the differential diagnosis 
lay, not between a true spinal tumor and 
rupture of the disc (or “chondroma’’), but 
between rupture of the disc and some one of 
the orthopedic conditions mentioned. Con- 
cerning the differential diagnosis in many 
of these cases it is sufficient to quote from 
their paper: 

“It Is unnecessary to recount numerous 
friendly consultations with our orthopedic 
confréres over these debatable cases, but 
the essence of the consultation briefly 
would come to this, that all would agree 
that the clinical picture presented was 
characteristic of sacroiliac strain or other 
orthopedic condition, and that we should 
operate for a herniated disc only if shown 
by ltpiodol.” 

In 1936 Hampton and the present writer 
reported the roentgenologic features of 
the first fifty cases operated upon. We 
discussed the refinements in technique by 
means of which it was possible to demon- 
strate a constant defect in the subarach- 
noid space in every one of the thirty-one 
cases operated upon after Mixter and 
Barr’s initial report, although practically 
all of these were unilateral lumbar ruptures 
of the fourth and fifth (lumbosacral) 
disc, frequently producing but a slight 
extradural defect in the lateral portion 
of the sac, corresponding to no more 
than the width of the one or two roots 
involved. 

In 1937 Barr published an exhaustive 
analysis of the entire group of lumbar 
ruptures. His article should be consulted 
for a detailed discussion and for a review 
of the literature. This was followed by 
papers by Mixter; and by Barr, Mixter, 
and Hampton, reporting further experi- 
ence with this lumbar group, at that time 
numbering fifty-eight cases. In 1936 Love 
and Camp described six cases and in 1937 
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discussed a total of fifty cases* in various 
parts of the spine. Forty-two of these were 
in the Iumbar region. In the interval be- 
tween presentation and publication of their 
paper forty-five additional cases were 
operated on and proved. In 1938 Nafiziger, 
Inman and Saunders reported a group of 
cases from the University of California 
Hospital, approximately thirty of which 
were ruptured discs and the remainder, 
thickened ligamentum flavum. The ana- 
tomic studies carried out by Inman and 
Saunders confirmed many of the observa- 
tions made by Hampton and the writer, 
and established a similar pathologic basis 
for the clinical significance of thickenings 
of the ligamentum flavum. 


RELATION OF POSTERIOR RUPTURES (RETRO- 
PULSIONS) OF THE DISC TO SPINAL 
INJURIES 


The question of the presence or absence 
of such a lesion may arise in the differential 
diagnosis of various injuries to the back. 
The actual relation between vertebral 
fractures and posterior ruptures of the 
disc appears to be remote, although it is 
possibile that this opmion may be modified 
as further material accumulates. In none of 
the cases in this group was there an in- 
stance of definite fracture of any of the 
vertebrae, and in the series from the Mayo 
Clinic by Love and Camp there were 
only three instances. In none of these could 
a definite relationship be established be- 
tween this finding and the presence of the 
posterior disc protrusion. 

Kocker, in 1896, reported a case of 
complete rupture of the first lumbar disc 
occurring after a 100 foot fall of sufficient 
severity to cause the death of the patient 
soon afterward. At autopsy the adjacent 
vertebral bodies were found intact. In 1911 
Middleton and Teacher reported the case 
of a man who developed paraplegia soon 

* At the time this article goes to press, more than 


500 cases have been discussed. The number operated 
upon at the Massachusetts General Hospital and the 


at about half this rate and numerous reports from other 
institutions have appeared in the literature. 
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after lifting a heavy weight. The twelfth 
thoracic disc was entirely smashed, but 
the vertebrae were not crushed. They 
placed a section of spine in a vise so that 
the pressure was applied at the anterior 
edges of the disc. The mner fibers of 
the annulus fibrosus tore and gave way; the 
outer fibers were bulged outward by the 
expanding nucleus pulposus, but did not 
break. They noted that in this experiment, 
as in the autopsied case described by them, 
the protrusion took place to one side of 
the midline. 

Dandy, in 1929, operated on two cases 
of loose intervertebral disc cartilage clin- 
ically simulating cauda equina tumor. He 
thought them most likely to be traumatic 
in origin. He considered them joint mice 
similar to those found in the knee and 
elbow, was able to obtain histories of pre- 
ceding trauma, but suggested that repeated 
small injuries might be more important in 
their production. Inman and Saunders 
have analyzed the leverage involved when 
the Iumbar spine is in flexion. Their results 
strongly support the belief that the original 
force applied to the flexed spine need 
not be great in order to exert a tremendous 
pressure on the disc. 

Clinical evidence also tends to support 
the theory that trauma is the most impor- 
tant factor in the production of disc retro- 
pulsions. They occur about seven times 
more often in males than in females, and 
the patients usually are engaged in physical 
labor of some sort—mechanics, tailors, 
gardeners, nurses, etc. The average age in 
the group studied by Barr was 37 years, 
with 25 per cent under age 30. A history of 
trauma was obtainable in many instances— 
usually sudden pain in the back while 
lifting a weight; less often, twisting strains 
or a fall on the buttocks. In about half of 
these cases the pain persisted and radiated 
down the thigh and calf. In others, there 
were long intervals between the original 
injury and the present disability. A not 
infrequent history was disability for one 
or two months, remission for months to 
years, recurrence. Any one of the attacks, 
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all of them, or none might be associated 
with trauma. 

The problem then is—just when did the 
rupture occur? Such questions cannot be 
answered at present with any degree of cer- 
tainty. It is sufficient to point out that the 
literature on cauda equina tumors includes 
reports of lesions such as intradural neuro- 
fibroma, hemangioma, and other tumors 
treated for many years as sciatica, with 
remissions, and with few or no objective 
neurologic disturbances. 

In a report from Schmorl’s clinic in 1929, 
Andrae stated that he found single and 
multiple posterior protrusions of the discs 
in fifteen per cent of 338 spines examined 
by him post-mortem. These varied in size 
from a lentil to a pea, and were apparently 
too small to produce symptoms. He con- 
cluded that they were degenerative in 
origin. This group offers an_ interesting 
and rather marked contrast to the clin- 
ically important lumbar ruptures. Prac- 
tically all the spines studied by Andrae 
were from individuals over the age of 60, 
mostly women. There were no retropul- 
sions in individuals under the age of 30. 
There were no retropulsions of the fourth or 
fifth lumbar disc. It seems reasonable to 
suppose that if degeneration of the disc 
were the primary cause of the common 
lumbar retropulsions, a certain number 
should be found in a group such as 
Andrae’s. Soon after Andrae’s work ap- 
peared, Schmorl stated that he had seen 
one or two larger lesions in which the cord 
had been displaced, and stated that he 
believed others would be found. In his 
monograph (Schmorl and Junghans, 1932) 
he states that these lesions do reach a size 
sufficient both to compress the cord, and 
to produce complete block in the todolo- 
gram. He lists as probable examples the 
few “chondromas” which had found their 
way into the literature up to that time, 
and others classified as chordoma, myxo- 
sarcoma, etc. In speaking of a case reported 
by Zeno and Cames, classified as a fibro- 
sarcoma, principally because of the sudden 
onset of pain and disability, Schmorl ex- 
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pressed the belief that it was really a 
posterior protrusion of the nucleus pul- 
posus caused by sudden trauma. 


RELATIONSHIP OF POSTERIOR PROTRUSIONS 
OF THE DISC TO OTHER FORMS OF DISC 
PATHOLOGY 


Mixter and Barr, and Mixter and Ayer 
found that the majority of the lesions re- 
moved consisted of both the annulus 
fibrosus of the disc and the nucleus pul- 
posus, rather than either element alone. It 
seems a misnomer, therefore, to refer to 
these lesions as posterior protrusions of 
the nucleus pulposus. The terms “rupture 
of the intervertebral disc into the spinal 
canal” or “retropulsion of the interver- 
tebral disc,” seem more accurately to 
describe their true nature. It appears to 
the writer for other reasons that it Is a 
' matter of some importance that the all- 
inclusive expression “‘rupture of the nucleus 
pulposus” should be avoided in describing 
them. Many writers have attempted to 
show relation between changes in the discs 
due to loss of nucleus pulposus substance 
and various forms of spinal. disability. 
While the possible significance of such 
changes cannot be denied, there is no doubt 
that in some instances they have been over- 
emphasized. The spines of most individuals 
over 45 years of age show the more or less 
concave defects in the vertebral bodies 
with a zone of new bone reaction about 
them—the familiar radiologic picture of 
“Schmorl’s nodule.” It seems highly im- 
probable that these are the cause of any 
significant disability. In other cases the 
loss of nucleus pulposus substance, either 
from trauma or degeneration of the disc, 
results in narrowing of the disc with or 
without localized hypertrophic arthritic 
changes. The settling of the bodies on 
each other following this is said to cause 
narrowing of the intervertebral foramina 
so that the nerve roots passing through 
them are compressed. 

Perhaps this is true. It must be empha- 
sized, however, that there is a distinct 
difference between such lesions and retro- 


Robinson—Intervertebral Discs 


JULY, 1940 


pulsions of the disc. In the former we are 
concerned with the changes which take 
place in the spine when the nucleus pul- 
posus degenerates or ruptures, so that it no 
longer fulfills its usual functions—acting 
as a fulcrum for spinal motion, cushioning 
shocks, keeping the vertebrae apart, etc. 
A considerable literature which deals with 
this particular aspect of disc pathology 
has accumulated on the rdéle played by 
destruction of the Iumbosacral disc in the 
etiology of various forms of Iumbosacral 
disability. 

On the other hand, the retropulsions of 
the lumbosacral (or any other) disc are 
chiefly important, not because they repre- 
sent a partial or complete destruction of 
the disc, but rather because of their purely 
accidental yet frequent behavior as a form 
of extradural spinal tumor. Failure to 
recognize this distinction has led to con- 
siderable misunderstanding concerning the 
clinical significance, diagnosis, and treat- 
ment of these lesions. As a result inade- 
quate radiologic criteria, such as the 
presence of multiple nucleus pulposus 
defects in the vertebral bodies, narrowing 
of the disc, etc., are still being employed 
to diagnose posterior protrusions. It has 
been shown in every large series of “chon- 
droma,” and in similar series of posterior 
protrusions of the disc, that they are not 
constant findings. 

Evidence of rupture of the nucleus pul- 
posus into the vertebral bodies was actu- 
ally noted in only a few instances, and in 
these cases appeared to be a _ purely 
incidental finding. 

Ninety-five per cent of the lumbar rup- 
tures studied by Hampton and the writer 
involved the fourth or fifth lumbar disc, 
the former twice as often as the latter. 
Narrowing of the fifth disc occurred as fre- 
quently when the rupture was at L4 as 
when at Ls, and this therefore proved of no 
localizing value, particularly as similar 
changes were found in patients in whom 
there was no reason to suspect a posterior 
rupture. The fourth lumbar disc was 
found to be narrowed in about a third of 
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the fourth lumbar ruptures, usually in 
conjunction with a narrowing of L5 disc. 
It was never narrowed when the rupture 
was at Ls. By disregarding the L5 narrow- 
ings the narrowing of L4 disc assumed sug- 
gestive localizing value, therefore, in about 
a third of the ruptures at that level. It is 
possible that this opinion must be modified, 
for Love and Camp, in an equally large 


‘series, found the L4 disc frequently nar- 


rowed when the rupture was elsewhere, or 
when none at all was demonstrated. 

As a matter of fact marked loss of lum- 
bar lordosis, the result of muscle spasm, 
has proved to be a more accurate radiologic 
sign than any of the above if associated 
with “‘sciatica.” 


SELECTION OF CASES FOR IDOLOGRAPHY 


Pressure of a tumor on the roots of the 
cauda equina often causes a local increase 
in the total protein content of the spinal 
fluid. Since the ruptures involve the lower 
lumbar discs, the spinal puncture needle 
often withdraws fluid from above instead 
of from below the rupture. The needle, if 
possible, should be introduced below the 
fifth lumbar vertebra, and the first sample 
of spinal fluid obtained should be analyzed. 
The total protein expressed in mg. per 
100 c.c. (mg. per cent) decreases rapidly 
with increasing distance above the lesion. 
For this reason, and also because only one 
or two roots may be involved, the elevation 
is usually quite moderate in lumbar rup- 
tures—usually 50 to 75 mg. per cent. 

Originally lipiodol was never injected 
unless the spinal fluid protein was above 
50 mg. per cent, but in recent years several 
cases have been discovered in which it was 
below this. These represent about 15 per 
cent of the total. Most neurosurgeons now 
feel that too much emphasis should not be 
placed on the absence of an increase in 
spinal fluid protein, but that the presence 
of an increase is valuable corroborative 
evidence. At present lipiodol injection 1s con- 
sidered indicated only in those patients with an 
elevated spinal fluid protein, those in whom 
an adequate trial of orthopedic treatment 
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had failed, those in whom some other definite 
explanation for the sciatica cannot be found, 
and those in whom a sacroiliac or lumbo- 
sacral fusion 1s contemplated. 

Twenty-one patients have not been 
operated upon because lipiodol failed to 
show a defect. Of these the protein was 
elevated in seventeen. The explanation for 
this is not known. Sicard, who apparently 
was the first to propose the theory that 
pressure on the roots in the intervertebral 
foramina from arthritis, etc., caused “‘sci- 
atica,” found an elevation of the globulin 
which he explained as due to pressure on 
the veins accompanying the nerve root in 
the foramen. This may or may not be an 
adequate explanation. Perhaps in some 
cases an error in lipiodol diagnosis was 
made. However, in six cases operated upon 
in which iodolography was negative (in 
four of which the protein was elevated) 
nothing was found. The indications for 
operation in these cases were clinical, or 
operation represented an exploratory pro- 
cedure preliminary to a contemplated 
fusion should nothing be found in the canal. 

Certain neurologic findings were con- 
sidered suggestive—particularly a missing 
ankle jerk on the affected side. This change 
was present in 50 per cent. Pain on cough- 
ing or straining, or on jugular compression, 
as well as objective sensory and motor 
disturbances of varying degrees were found 
in some of them. Similar changes have been 
described in other conditions: for example, 
Danforth and Wilson found the ankle jerk 
missing in 50 per cent of a group of “‘idio- 
pathic sciaticas” studied by them, and 
such changes have been described in 
“sacroiliac strain.” Some of these, of 
course, may have been retropulsions. 

Sometimes, if the clinical syndrome was 
also suggestive, the presence of marked 
narrowing of the lower lumbar discs, 
indicative of degeneration or rupture of the 
nucleus pulposus, caused further investiga- 
tion to be carried out to see if the rupture 
might not have taken place into the canal. 
However, lipiodol was not introduced 
unless the protein was first shown to be 
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elevated, or if, in the opinion of the 
neurologist, the other findings were of 
sufficient degree to justify it. 


Fic. 1. Identification of anatomic structures 
in the iodologram. A, portion of the cauda 
equina. The dura, du, normally in contact 
with ar, the transparent arachnoid mem- 
brane, has been incised and Iaid back. A 
lumbar root is visible, leaving an out- 
pocketing in the meninges. DL, the divid- 
ing line, drawn through the apex of the 
latter, separates the root into an “intra- 
dural’ portion lying within the sac, and 
an “extradural” or sheathed portion out- 
side of it. In the iodolograms taken soon 
after injection, the periphery of the sac 
may be incompletely filled because more 
or less occupied by the nerve root. Only 
occasional streaks of lipiodol may be 
present between root and lateral sac wall. 
The latter, as well as the course of the 
extradural portion of the root, can, how- 
ever, be reconstructed because they are in 
intimate contact with the inner border of 
the pedicle as far as the intervertebral 
foramen. 


In those cases with obvious evidence 
of large cauda equina tumor, paralysis, 
sphincter disturbances, sensory changes, 
bilateral sciatica, block, definite protein 
elevation, etc., lipiodol was injected more 
to determine the type and site, rather than 
the presence of the lesion. 


TECHNIQUE OF EXAMINATION 


This technique, developed with particu- 
lar reference to the demonstration of 
posterior protrusions of the disc, is based 
on the same principles as that described by 
Odin and Runstrom in 1928 for the demon- 
stration of small spinal cord tumors. Camp, 
in this country, has developed and 
described a very similar procedure. 
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Fig. 1c. An operatively proved normal iodologram 


(5 c.c. of lipiodo] in the lumbar subarachnoid 
space, patient upright) shows how an apparently 
asymmetrical sac assumes its correct anatomic 
appearance after the “ pedicle lines” are drawn. 
Note that A, the portion of the outpocketing 
below the root, is readily identified on the 
films, so that DL can be established. Note also 
that fifth Iumbar root, L5, leaves the spinal 
canal above the Iumbosacral disc, hence 
retropulsions of the latter involve only the 
sacral roots. Ls is most often involved by 
ruptures of the disc between the fourth and 
fifth lumbar vertebrae, which it crosses in- 
tradurally (note location of DL). 
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The use of adequate quantities of and not infrequently above the fourth 
lipiodol—4 to 5 c.c. injected into the lumbar. Since 95 per cent of the lumbar 


lumbar subarachnoid space is essential. ruptures are at these levels, the optimal 


Fic. 2. The appearance of a left sided retropulsion of the fourth Iumbar disc 
after the dura has been opened. The Iaminae and facets have been re- 
moved. The relation of the intradural roots to the ventral extradural mass 
elevating them should be noted. Compare this with s, which shows a corre- 
sponding lipiodol defect. Practically every structure in the one can be iden- 
tified in the other. The dam-like action of the rupture has caused a more 
complete filling of periphery of the sac above the rupture than is present on 
the normal side at the same level. This phenomenon is almost invariably 
present (see Figs. 3, 5, 6, and 7) and hence is of diagnostic importance. It 


also makes the defect more obvious. 


Examination is carried out principally in 
the prone and upright positions on a 
fluoroscopic tilting table which is equipped 
with a “change over” switch so that one 
may take instantaneous radiographs during 
fluoroscopic observation. The film is placed 
on the patient’s back, the field limited to as 
small an area as possible by the shutters 
on the fluoroscopic screen in order to 
preserve detail, and exposure made with 
the tube below the table. Figures 1c, 2, 3, 
4, 5, 6, and 7 show examples of these 
fluoroscopically aimed “‘spot” films. 

With the patient upright, lipiodol col- 
lects in the lumbar sac. The upper lipiodol 
level will usually be above the fifth lumbar, 


conditions for examination are present: the 
area in question is filled as completely as 
possible so that artifacts due to incomplete 
filling are avoided, leisurely examination 
can be carried out, and the position easily 
reproduced if it is desired to supplement 
the “spot films” with others. The discs at 
levels above those which can be examined 
in the upright positions are than studied by 
elevating the foot of the table, the patient 
lying abdomen down, and films are taken 
as the oil crosses the various discs. An 
attempt is made by manipulation of the 
patient to obliterate any defect seen, in 
order to prove that it is permanent. In this 
position gravity brings the lipiodol against 
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the anterior wall of the dura and into the 
narrow lateral portion of the lumbar sac, 
which is, for anatomic reasons, the area 
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face down on the table. The lipiodol column 
is studied fluoroscopically as it flows over 
the lumbar discs, and by various expedi- 


Fic. 3. Unilateral rupture of fourth lumbar disc. a, comma-shaped defect, a frequent 
type. Essentially the same as that shown in Figure 2, except that root structures are 
not so well defined. The one may change to the other during examination. B, the 
lateral view, shows an extradural type of indentation in the ventral surface of the 
lipiodol column at the disc level. It is slight because partially obscured by the super- 
imposed lipiodol outline of the opposite (the normal) side. Note that the lumbosacral 
disc is narrowed, although the retropulsion involves the disc above. 


most frequently involved by a ruptured 
disc. The prone position also brings the 
spine closer to the fluoroscopic screen so 
that visible detail and the detail on the 
“spot” films is much improved; and, 
because the convexity of the lumbar spine 
is downward, a smooth flow of lipiodol is 
obtained. By balancing the sacral curve 
against the tilt of the table, the lipiodol can 
be held in practically any area being 
studied. 
Films are taken even if no defect is seen 
fluoroscopically. Final diagnosis depends on 
the changes seen in them, the fluoroscope 
acting principally as a guide. It is immate- 
rial whether one starts with the patient in 
the upright or the partially tilted position. 
Examination may also be carried out 
even if only a horizontal table is available, 
providing the patient can codperate. He is 
first allowed to sit up, then quickly turns 


ents—a pillow under the chest, etc.—the 
lipiodol can be held in position while films 
are obtained. A change-over switch, per- 
mitting one to take the films rapidly, is 
almost essential if the latter technique is 
employed, although one can get along 
without it. The same area can be studied 
again and again by having the patient first 
sit up so that all the oil collects in the lower 
portion of the sac. In the supine position 
the lipiodol usually falls ito the central 
posterior portion of the canal, and a lesion 
may be overlooked. The convexity of the 
spine is up, so that lipiodol tends to dribble 
across the top of the curve as over a dam. 
This results in the production of a false 
defect in this region, and causes an un- 
desirable breaking up of the lipiodol. This 
position is therefore reserved for the end 
of the examination. Examination of the 
rest of the canal, if indicated, is carried out 
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after the study of the lumbar region is 
complete. It is of the greatest importance 
that the area in question be filled as com- 
pletely as possible. Only in this way can 
small defects be demonstrated, while at the 
same time false defects are avoided. A 
defect produced by a ruptured disc is con- 
stant, and is always on the side of the sciatic 
pain. 

Dangers of Lipiodol Injection. Approxi- 
mately one out of four patients examined 
will prove to be negative, so the question Is 
frequently asked if the “oily foreign body” 
left in situ is not dangerous. A considerable 
controversy still goes on concerning this. 
Harkins has investigated the subject ex- 
haustively, and concludes that there is no 
definite proof that iodized oil in the spinal 
canal is harmful; that its advantages in the 
diagnosis and localization of cauda equina 
tumors of all sorts more than outweigh its 
disadvantages. Those who have had con- 
siderable experience with it, Sicard, Globus 
and Strauss, Camp, etc., feel that it is safe. 
Others have had untoward experience, and 
do not believe in its use. A fairly severe 
reaction often follows the original injection. 
This, as shown by Lindblom, is due almost 
entirely to the free fatty acid in the oil. The 
reaction can practically be predicted from 
the pH, which varies even with different 
specimens of the same manufacture. Only 
fresh oil (shown by its light yellow color) 
should be used, and the patient should be 
in the hospital at the time. 

Odin and Runstrom have succeeded in 
preparing a sesame oil preparation which 
they routinely use in amounts of 10 c.c. 
with little or no evidence of meningeal 
irritation. Lindblom has shown that in 
animals lipiodol produces immediate severe 
meningeal injury which lasts for about 
three weeks. In the animals killed beyond 
this time the meninges had recovered com- 
pletely. He mentions the possibility of the 
formation of fatty granuloma if the oil 
is not ultimately removed. Globus and 
Strauss found no radiologic evidence of 
arachnoiditis or other pathology in patients 
reéxamined two years after injection. 
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Patients studied by us with lipiodol in- 
jected many months previously usually 
showed very little or no increase in symp- 
toms, or other reaction.* 


Fic. 4. Unilateral rupture of Iumbo- 
sacral disc. Retropulsions of this disc 
may produce defects like those shown 
in Figures 2 and 3. Often they are 
much smaller and more difficult to . 
diagnose, for reasons discussed in text. 
In the figure above the defect at B is a 
temporary phenomenon—an artifact. 
The defect on the left (arrow) was con- 
stant, corresponded to a large rupture. 
The location of its upper border along 
the lower margin of the laminar arch is 
rather characteristic. Note that the 
meningeal outpocketing of S1 is com- 
pletely obliterated on this side and that 
S2 appears to be displaced medially. 
Compare with normal side. 


Lipiodol Substitutes. Recently it has 
been suggested that air can be used in place 
of lipiodol. Such a technique has been 
employed in the diagnosis of spinal tumors 
by Dandy and by Van Wagenen, and its 


* A most conclusive contribution to this subject was 
recently made by Garland and Morrissey (Intracranial 
Collections of Iodized Oil Following Lumbar Myelo- 
graphy. Surg., Gynec. er Obst., 70: 196, 1940). Twenty- 
four of twenty-five patients studied one to fourteen 
years after the injection of lipiodol into the subarach- 
noid space showed no neurologic findings which were 
not also present before the injection. The only excep- 
tion proved to be a malingerer. In two-thirds of these 
cases, some of the oil was intracranial. 
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use was suggested in the diagnosis of cauda 
equina tumors by Coggeshall and von 
Storck. Young and Chamberlin have thus 
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the possibility that a lesion has been over- 
looked must be recognized. One cannot, 
however, disregard the large number of 


B 


Fic. 5. Unilateral rupture of lumbosacral disc. Note the normal 
meningeal outpocketing of S1 on the left. On the right it is com- 
pletely obliterated by a defect which begins close to the lower 
border of the arch of the Iamina. It corresponded to a large 
rupture. B, lateral view, shows a ventral extradural defect at 


the disc level. 


succeeded in demonstrating eighteen cases 
of ruptured disc. Reference to the illustra- 
tions in Young’s paper will show some of 
the difficulties involved. This method 
should show the larger lesions with con- 
siderable accuracy, but in the limited 
experience with it at the University of 
California Hospital it was found difficult 
to tell in some instances whether one was 
looking at a small defect or, for example, 
a facet superimposed on the air shadow. 
Fine nerve root detail is not visible by this 
method, but on the other hand many of 
the artifacts due to the nature of lipiodol 
are avoided. In instances where the patient 
or some of the consulting physicians object 
to the employment of lipiodol, air can be 
used instead, and if a definite or suggestive 
defect is obtained, it could be checked by 
lipiodol just before operation. In the event 
that nothing is found by the air technique, 


proved cases discovered by these workers 
employing air alone; in careful hands this 
procedure may prove to be valuable. 

Opaque substances of the kidney dye 
group have also been employed but appear 
to be much more irritating than lipiodol. 
They possess certain advantages—misci- 
bility in the spinal fluid, rapid absorption, 
etc. Modifications of such radiopaque sub- 
stances are being attempted, with promis- 
ing results, by Aird at the University of 
California Hospital so as to render them 
useful within the spinal canal. 


LIPIODOL ANATOMY OF THE LUMBAR SAC 


The spinal cord ends in the conus medul- 
laris at the top of the second lumbar 
vertebra. From its periphery arise the 
sensory and motor divisions of the lumbar 
roots. These lie in the subarachnoid space 
which contains the spinal fluid. The walls 
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of the space are formed by the delicate that portion of the root within the sac, and 
transparent arachnoid membrane, which ‘‘extradural” 
acts as a lining for the thick dura. The two _ portion is therefore not anatomically accu- 


Fic. 6. Unilateral lumbosacral disc 
rupture. Fusion performed previ- 
ously. Although the defect on the 
left appears small it actually in- 
volves the portion of sac normally 
occupied by first and second sacral 
roots, and was present six months 
after injection. Compare with 
normal side. Defects caused by 
retropulsions of the disc change 
somewhat with time, due to more 
complete filling by lipiodol, etc., 
but never disappear. Note phe- 
nomenon described under Figure 2. 


membranes are normally in contact, and 
are generally considered as one, so that the 
term “intradural” is often used when, 
strictly speaking “subarachnoid” is meant. 
The corresponding sensory and motor 
divisions of a root unite at a varying dis- 
tance from their origin. The root then 
passes almost directly downward, lying 
against the lateral wall of the sac as it 
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of lumbosacral disc on 
left. Note that area occu- 
pied by left first sacral 
root is sharply obliter- 
ated. The sheath of the 
extradural portion of 
this root will not fill re- 
gardless of interval be- 
tween injection and in- 
jection, because of pres- 
sure exerted by the rup- 
ture. On the normal 
right side the sheath of 
the first sacral root al- 
ready contains lipiodol. 
Note also that rupture, 
acting as a dam, has 
caused more complete 
filling of the lateral por- 
tion of the sac just above 
the defect than is present 
at same level on normal 
side. These two logical 
phenomena of value in 
differential diagnosis. 
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to describe the sheathed 


approaches the point where it will emerge 
from the lumbar sac. This point is marked 
by outpocketing in the arachnoid and dura, 
beyond which the meninges continue for 
some distance as the sheath of the root. 
The terminology “‘intradural”’ to describe 


rate, but it is honored by usage and is 
employed in this paper. 

The relations of the root are shown in 
Figure 14. The dura has been laid back, 
exposing the transparent arachnoid and 
the contents of the subarachnoid space. It 
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will be noted that the root lies in immediate 
contact with the lateral wall of the sac 
as it approaches the outpocketing through 


Fic. 8. Hypertrophy of the 
entire posterior margin of 
disc, involving roots in the 
narrow lateral portions of 
the canal bilaterally. Not a 
true rupture. Similar ring- 
like defects may be pro- 
duced by other lesions— 
generalized thickening of 
ligamentum flavum or re- 
tropulsion of the disc plus 
thickened ligamentum fla- 
vum. A large rupture of the 
disc extending across the 
midline to involve both 
sides does not usually leave 
the central channel. Lateral 
view of value in differential 
diagnosis in these cases. 


which it will leave. For this reason the 
portion of the sac between the root and 
the sac border frequently fails to fill com- 
pletely with lipiodol. The portion of the 
outpocketing just below the root, marked 
A, contains no neurologic structures so it 
will fill readily. We have named this the 
“axillary pouch.” Its apex obviously corre- 
sponds to the point where the root becomes 
extradural. As shown in Figure 1A and in 
the diagram, Figure 1B, labelled corre- 
spondingly, one can draw a line DL across 
this point, and the root is then divided into 


Robinson—Intervertebral Discs 


JULY, 1940 


its intradural and extradural portions. This 
landmark can usually be identified on the 
iodolograms. 

Hampton and the writer, in a study of 
autopsy material, radiographs taken after 
wires had been tied to the root of the cauda 
equina, and iodolograms taken several days 
or a week after the introduction of the oil 
(during which period the iodized oil had 
worked its way between the root and the 
lateral wall of the sac and sometimes down 
the sheath), found that the intradural 
portion of the root followed the lateral wall 
of the sac along the inner surface of the 
pedicle, and continued in contact with it 
after it became extradural until the inter- 
vertebral foramen was reached. 

Figure 1c shows how these anatomic 
data may be applied to the study of the 
iodologram. It shows a lumbar sac filled 
with 5 c.c. of lipiodol, the film being taken 
with the patient upright. An outpouching 
of the lipiodol is seen at A’. Between it and 
the main mass is a shadow which has the 
appearance of a root, ending abruptly just 
below the pouch. On the opposite side a 
corresponding shadow is seen but it con- 
tinues well into a lipiodol filled sheath. By 
drawing the “pedicle lines,’’ however, we 
obtain a picture which is anatomically 
correct, and as a result we can identify each 
root by determining into which interverte- 
bral foramen it runs—the fourth lumbar 
root enters the fourth lumbar intervertebral 
foramen, etc.— and by the process shown 
in Figure 1A and B its intradural and 
extradural course can be established. The 
arrows in Figure 1c indicate streaks of 
lipiodol which have found their way into 
the lateral portion of the sac, showing that 
this reconstruction is correct. Asymmetri- 
cal filling of root sheaths is not uncommon, 
particularly if examination is performed 
soon after injection. This particular patient 
had a laminectomy on strong clinical 
indications, but nothing was found. 

Having identified the roots, notice that 
the fourth lumbar root leaves well above 
the fourth lumbar disc, and hence will not 
be involved by ruptures at this level. The 
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fifth lumbar root is intradural in its course 
across this disc, hence it (and, if the 
rupture is large enough, the sacral roots 
medial to it) will readily be involved. 
Because the root is intradural, its involv- 
ment is readily demonstrable because 
Iipiodol can be injected and the defect 
produced by the mass can be outlined. In 
the same way a rupture of the lumbosacral 
disc does not involve the fifth lumbar root 
—it leaves the canal above the disc—but 
will involve the most lateral root in the 
dural sac, the first sacral, (and, if large 
enough, the other sacral roots medial to it). 
Usually the rupture acts as a dam, so that 
filling on the side of the lesion above the 
defect is usually quite complete. On the 
normal side the filling may be Jess marked. 
This point is of some help in the diagnosis 
of difficult defects. Such “filling in” above 
the defect will be noted in practically all of 
the lesions illustrated in this paper. 

It will be noticed in Figure 1c that the 
sac at the lumbosacral level is smaller 
than it is above; that the filled portion 
of the arachnoid outpocketings—the “‘axil- 
lary pouches”—are poorly defined, prob- 
ably because these roots descend in a more 
vertical direction than those at higher 
levels; and that the first sacral root appears 
to become extradural somewhere between 
the upper and lower margin of the lumbo- 
sacral disc. The relationship of the roots to 
the disc at the various disc levels is fairly 
constant. They would lead one to expect 
that the lipiodol defect produced by a 
ruptured lumbosacral disc would be smaller 
than that at some higher level although 
produced by a mass of the same size, 
principally for the reason that there is less 
Iipiodol-containing sac exposed to pressure. 
This has proved to be the case in many 
instances. Other features which differ from 
those at the fourth lumbar disc are: (a) the 
shape of the bony canal and (6) the sacral 
lordosis, so that in the anterior posterior 
view the lower part of the sac is seen some- 
what on end. It is therefore foreshortened 
and will be projected through the body of 
the fifth lumbar vertebra. This must be 
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kept in mind in looking for defects at this 
level. 

It might be supposed that it would be 
possible for a ruptured lumbosacral disc to 
involve only the small extradural portion of 
the first sacral root. However, absence of a 
defect at this level has never been noted in 
any operatively proved case which has 
come to the attention of the author, those 
so termed showing small defects which had 
been overlooked. 


TYPICAL DEFECTS PRODUCED BY RUPTURES 


A typical rupture is a discrete circum- 
scribed mass projecting from the posterior 
margin of the disc to one side of the mid- 
line; not infrequently it is loose. The mass 
is ventral to the dura and _ therefore 
produces a ventral, extradural pressure 
defect of the sac. Lipiodol cannot enter the 
local area. The root or roots are pushed 
almost directly backward against the 
facets which overhang the canal. Inman 
and Saunders have shown that the disc in 
front and in the ligamentum flavum behind 
(which fuses with the jomt capsule), 
ordinarily leaves a groove barely large 
enough to contain the lateral part of the 
dural sac and the single nerve in it, so that 
a slight enlargement of either should 
readily wedge this root between them 
within the spinal canal—that this (not the 
intervertebral foramen) is anatomically the 
most likely point for root compression. 
Since the posterior longitudinal ligament is 
defective laterally, a rupture of the disc 
tends to take place to one side of it rather 
than in the midline. This has been noted by 
Middleton and Teacher, Elsberg, Dandy 
and others. Even when the rupture is large 
it apparently starts to one side. In a large 
group of iodolograms it is possible to select 
all degrees of defect from the minute ones 
involving one root to large ones showing 
complete block obstructing the entire 
canal. This was illustrated in the paper by 
Hampton and the writer. 

Figure 2A shows the appearance of a 
unilateral rupture of the fourth lumbar 
disc after laminectomy and the removal of 
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the ligamentum flavum have partially 
decompressed the lesion. The dura has 
been incised and laid back. The bulge seen 
in the floor of the dura is caused by the 
extradural mass formed by the ruptured 
disc. The iodologram, Figure 2B, shows a 
corresponding defect. Practically all the 


structures seen in one can be identified in - 


the other. It will be noted that the defect 
extends for some distance below the disc. 
This is to be expected as the pressure at the 
disc level will produce a certain degree of 
wedging of the roots in the lateral portion 
of the canal below. The defects produced 
by the root shadows are not always so 
sharply outlined as in this instance. 

Figure 34 shows a “comma” defect—a 
frequent type. It is similar to that Figure 
2B except that the root shadows are not so 
clearly distinguishable. Note that in the 
lateral view (Fig. 3B) a barely perceptible 
identation is visible, principally because 
the lipiodol from the normal side covers the 
defect produced by the rupture. For this 
reason the greatest dependence is placed 
on the anteroposterior views, in which the 
entire obliterated area may be seen. 
Oblique views sometimes show a defect 
slightly better than the antero-posterior 
ones, but on the other hand, may be quite 
misleading. A slight normal bilateral waist- 
like constriction, sometimes seen in the 
anteroposterior views, or the indentations 
seen in the lateral view produced by the 
slight posterior bulging of the normal disc, 
may appear like an anterolateral defect in 
the oblique views. Taken in conjunction 
with the anteroposterior view, however, 
these additional views are of value, particu- 
larly in differential diagnosis. (Note also on 
Figure 3B that although the lesion is at L4, 
the lumbosacral disc is the one which is 
narrowed. ) 

Ruptures at the lumbosacral disc may 
have the same appearance as those at the 
fourth disc level; often, as we have said, the 
defects are smaller. These small defects are 
of great importance because they may be 
overlooked. Figures 4, 5 and 6 show three 
typical examples. In Figure 4 the defect at 
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B may be disregarded because it was a 
purely temporary finding—an artifact. The 
arrow on the left points to what appears to 
be a rather high “‘axillary”’ arachnoid out- 
pocketing. Its lower edge is visible just 
beneath the dark area formed by the arch 
of the laminae. The sac below this point, 
together with a root in it which may be 
faintly seen (S2), appears to be slightly 
displaced medially. On the opposite (the 
normal) side, the outpocketing is at a lower 
level. This difference was not due to a 
variation of the anatomic site of emergence 
of the roots, which probably never occurs, 
but to a defect produced by a large rup- 
tured disc. The arachnoid pocket on the 
left is entirely obliterated; the lower mar- 
gin of what appears to be it is really the 
upper margin of the defect. 

Figure 5 on the left shows an indentation 
of the sac. On closer inspection the entire 
arachnoid pocket is seen to be obliterated 
in much the same way as in the case shown 
in Figure 4. In the latter the defect was 
overlooked preoperatively. In the former 
it appeared questionable. In both instances 
large ruptures were found at operation. The 
high upper level of these defects is probably 
due to the more or less horizontal position 
of the sacrum so that the defect is projected 
through the outline of the vertebral body. 
The lateral view (Figure 4B) shows the 
defect at the disc level. 

Figure 6 shows normal filling on the left. 
On the right, not only is the portion of the 
sac occupied by the first sacral root 
obliterated, but that occupied by the 
second sacral root. This patient had previ- 
ously had a fusion. At operation a small 
rupture was found. Defects of this type: 
(a) those in which the root appears pinched 
off just beneath the lower border of the 
arch of the lamina, and (b) those in which 
the arachnoid outpocketing is obliterated 
and there is a slight medial displacement 
of the border of the lipiodol column—are 
not uncommon at the lumbosacral (L5) 
disc level. One defect may change into 
the other, if the patient is examined a 
second time; during the interval, the 
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lipiodol fills in around the roots. The 
defect, however, never entirely disappears, 
regardless of the period between examina- 
tions, whether this is a day or a year. In 
cases reéxamined as much as six months 
and a year after the initial study, complete 
“filling in” of the first sacral root sheath 
was noted on the normal side, none what- 
ever on the side of the defect at any time. 
Figure 7 illustrates this characteristic. This 
is of definite confirmatory value. However, 
one should not confuse such changes with 
the temporary failure of one sheath to fill, 
like that noted in Figure 1c, a normal 
iodologram. In that instance the arachnoid 
pockets were visible at the same level on 
both sides; and undoubtedly if the patient 
had been reéxamined at a later date, 
uniform filling in the sacral sheaths would 
have been bilaterally present. 

Films at varying periods after the injec- 
tion are very helpful if one has the earlier 
iodolograms to compare them with; other- 
wise they may be difficult to mterpret— 
root shadows become more prominent, 
the lipiodol may form droplets, etc. How- 
ever, the addition of more lipiodol is rarely 
necessary for reéxamination—the old usu- 
ally suffices. 

Comparison of the normal side with that 
in question, particularly of the visible 
portions of the arachnoid outpocketings, is 
of great importance in the recognition of 
small defects at any level. 


DIFFERENTIAL DIAGNOSIS 


The criteria employed in differential 
diagnosis are based on the same principles 
as those constantly employed by roentgen- 
ologists in studying the gastrointestinal 
tract. Their application to the diagnosis 
of spinal cord lesions, ie., determining 
whether they are intradural or extradural 
(and if above the cauda equina, intra- 
medullary) have been described by Peiper, 
Odin and Runstrom, Camp and others. 
When one makes a diagnosis of “posterior 
ruptures of the disc,” one is really diagnos- 
ing a ventral extradural tumor at the disc 
level. Since true tumors fitting this descrip- 
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tion, particularly unilateral ones, are not 
often encountered, the specific diagnosis is 
usually justified. 

In the anteroposterior view, one cannot 
always be certain that he is not dealing 
with the intrinsic defect of an mtradural 
tumor, rather than the extrinsic pressure 
defect of an extradural lesion—extradural 
tumor or ruptured disc—particularly if the 
defect is large. In the case of an intradural 
lesion the lipiodol will closely fit the mass, 
and a sharply defined fillmg defect is 
visible in every view, particularly that 
which shows it in silhouette. On the other 
hand, if the defect is due to a mass outside 
the dura, the en face defect (shown by the 
anteroposterior or postero-anterior views 
if lesion is ventral or dorsal) will be sharp 
where the walls of the sac and the roots 
are forced in contact with each other. 
The silhouette view will be similar to 
that of any flexible tube which has been 
indented from the outside. Of course if the 
obstruction is complete only the upper 
portion of the indentation is shown. The 
same is sometimes true if the lateral view 
is taken in the upright position—the 
lipiodol may be held up above the defect 
but fail to fill the region just below it. 

Considerable attention has recently been 
directed toward the rdéle of hypertrophies 
of the ligamentum flavum in the produc- 
tion of disability of the same sort resulting 
from ruptures of the disc. Most of this work 
has been done by the group at the Univer- 
sity of California, and the subject has been 
discussed in detail by Naffziger, Inman 
and Saunders, and by Brown. These 
writers have placed the subject on a sound 
pathologic basis. Through their kindness, 
and that of Dr. Stone of the Division of 
Roentgenology, the author has had the op- 
portunity of studying the anatomic prep- 
arations and the iodolograms. These are 
illustrated in the recent reports by Brown. 
The lipiodol defects shown in his papers 
are characteristic of the type to be ex- 
pected. Those which are caused by uni- 
lateral scars are usually indistinguishable 
from the defects produced by ruptured 
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disc. In three cases a ruptured disc was also 
found, so it is not known which lesion was 
responsible for the defect. In two others 
only thickening of the ligament was found. 
Abbott reported a case of operatively 
proved local hypertrophy of the ligament. 
The defect was quite similar to that of a 
ruptured disc, and the specimen shows a 
circumscribed mass of degenerated liga- 
mentum flavum of the shape one would 
expect to produce this type of defect. 
Theoretically one should see a posterior 
indentation in the lipiodol column in the 
lateral view, but usually this is not visible, 
either because obscured by lipiodol in the 
rest of the sac, or, not infrequently, because 
of technical difficulties. 

Hypertrophy of the ligament produces 
symmetrical, bilateral, usually sharply 
defined defects, leaving a central clear 
channel, because the central area, being 
wide, is not completely encroached upon. 
In the posterior views an indentation may 
be seen in some instances. 

In three cases studied by Hampton and 
the writer thickened ligament was found 
at operation in association with ruptures of 
the disc. In one of these there was complete 
block, in another a complete ring-like 
defect and in the third the defect was 
similar to that which would have been 
produced by the ruptured disc present, and 
could have been ascribed to either lesion. 
Smooth, particularly multiple, constric- 
tions of an hourglass type, unless marked, 
and proved to be constant, must be inter- 
preted with caution. They are a normal 
phenomenon in the thoracic region and in 
other areas merely represent stringing out 
of the lipiodol column, particularly when 
the sac is quite wide. This also applies to 
very slight symmetrical defects, rather 
sharply defined, sometimes seen at the disc 
level, particularly if the root makes a 
strong outward curve as it leaves the sac. 
Perhaps these are due to slight hyper- 
trophies of the discs as a whole, or to slight 
thickenings of the ligamentum flavum, but 
in two operated cases nothing definite was 
found. It is, of course, possible, as has been 
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suggested by Brown, that in such cases 
thickened ligament was removed with a 
Jamina and was therefore overlooked. 

The association of thickenings of the 
ligamentum flavum with retropulsions of 
the disc suggests that thorough exploration 
should always be carried out at operation 
in order definitely to exclude the presence 
of a disc lesion before it is concluded that 
disability was.caused by ligamentous hy- 
pertrophy, especially when Iipiodol shows 
a unilateral defect and no corresponding 
localization of the thickening is observed. 
Elsberg found only one ruptured disc 
(“ecchondrosis”) in his first hundred 
laminectomies for spinal cord tumor, but 
there were fifteen in his second hundred, 
after he had learned to look for them. Yet 
he was dealing almost exclusively with the 
large protrusion producing obvious neuro- 
logic changes. When the lesion is small it 
may take a careful search to find it, and 
often the removal of the facet is necessary 
to expose it. This has been reémphasized 
recently by Mixter. 

Sometimes there is a generalized hyper- 
trophy, fibrous or ossific, of the entire 
posterior disc edges so that it protrudes 
into the canal, obliterating the narrow 
Jateral portion completely. This is not a 
true rupture of the disc, but rather a 
generalized hyperplasia. The defect may be 
exactly similar to that produced by general- 
ized thickening of the ligamentum flavum 
or of rupture of the disc in association with 
thickening of the ligament. If a definite 
pressure defect is visible anteriorly in the 
lateral view, a partial differential diagnosis 
is possible. One should be certain that the 
view is a true lateral one, as one of the 
bilateral defects can be made to appear 
anterior or posterior if rotated a few 
degrees. 

The defect illustrated in Figure 8 could 
be interpreted radiologically as due to 
generalized thickening of the ligamentum 
flavum, to rupture of a disc plus thickened 
ligament, or as generalized hypertrophy of 
the disc margin. It turned out to be the 
Jatter. 
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Uncomplicated ruptures of the disc do 
not usually give these symmetrical defects 
with a central channel, because they lie 
more on one side than on the other. The 
lipiodol column usually passes by on one 
side, unless the rupture is so big that the 
entire canal is obliterated. Single and 
multiple defects in the lipiodol column are 
sometimes due to arachnoiditis. These 
defects do not correspond to disc levels 
except accidentally. When they do, they 
may be indistinguishable from the defect 
of a ruptured disc, although theoretically 
they should give an intradural type of 
defect in the lateral view. Defects due to 
multiple ruptures of the disc have been 
observed only once by the writer. Camp, 
however, has described several. 

One of the interesting sidelights of the 
work on posterior protrusions of the disc 
has been the discovery that lesions such as 
extreme arachnoiditis (usually mm connec- 
tion with a history of severe trauma), or 
hypertrophy of the ligamentum flavum are 
a not infrequent cause of a similar clinical 
syndrome. 

Occasionally lipiodol is injected extra- 
durally through an error in technique, and 
results in a bizarre iodologram. The 
lipiodol, however, does not move during 
fluoroscopy, and within an hour or so much 
of it has found its way through the inter- 
vertebral foramina into the soft tissues. 
No ill effects were noted in the cases 
observed in which such an error was made. 
In one instance lipiodol which had re- 
mained freely movable in the canal over a 
period of several months suddenly became 
extradural after a spinal puncture. 


SUMMARY AND CONCLUSIONS 


The iodolographic method of determin- 
ing the presence within the spinal canal of 
the ruptured portion of an intervertebral 
disc is quite accurate. Iodolography is a 
particularly valuable procedure in the 
diagnosis of small Iumbar lesions because 
these are associated with a syndrome so 
closely resembling that of Jow back strain, 
sacroiliac disease, or ‘‘sciatica”’ that itis 
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difficult to differentiate among these condi- 
tions otherwise. 
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HE syndrome of ulnar nerve paralysis 

complicating fracture of the medial 

epicondyle of the humerus has re- 
ceived scant notice in medical literature. In 
1929 Cotton! reported three cases upon 
which he had operated and mentions hav- 
ing seen a dozen cases in all. During the 
past few years a flood of literature on this 
topic has appeared, as if to make up for 
lack of recognition in years gone by. A 
review of the literature reveals that the 
incidence of nerve complications in frac- 
tures and dislocations of the elbow is very 
low, despite the fact that the elbow 
provides the majority of dual injuries of 
bone and nerve. 

The nucleus of the medial epicondyle of 
the humerus appears at approximately the 
fifth year and fuses at about the eighteenth 
year. The extent to which the epiphysis is 
intra-articular varies. Attached to the 
epicondyle are the anterior and posterior 
portions of the ulnar collateral ligaments of 
the joint capsule, and the common tendon 
of the superficial muscles of the forearm. 
These serve to pronate the forearm, flex 
the wrist and fingers, and aid in flexing the 
elbow. 

The ulnar nerve, due to its anatomic 
position in the postcondylar groove, is 
especially vulnerable. As it passes down in 
the interval between the olecranon and the 
medial epicondyle, it is closely bound down 


by deep fascia. After hooking around the 
medial epicondyle, it passes out between 
the two heads of the flexor carpi ulnaris, 
along the medial side of the ulnar collateral 
ligament of the elbow. 

Nerve lesions are seen almost exclusively 
in supracondylar or epicondylar fractures 
of the humerus and in dislocations of the 
elbow joint. Dislocation is not infrequently 
accompanied by fracture of the medial 
epicondyle, or, in children an ablation of 
the isolated epiphysis. 


MECHANISM 


A dislocation of the elbow, either 
posteriorly or posterolaterally, may be 
caused by a fall on the hand with the elbow 
in slight flexion and the forearm abducted. 
This may cause an avulsion of the medial 
epicondyle by means of the force exerted 
by the firmly attached flexor tendon and 
the ulnar collateral ligament. These tend 
to pull the fragment down and forward 
away from its attachment to the humerus, 
sometimes twisting it end over end and 
rotating it.!* As a result of this dislocation 
of the os ulnae with its muscles and liga- 
ments posteriorly, the fragment is carried 
backward and laterally, so that it lies 
anterior to the semilunar notch but poste- 
rior to the trochlea. 

In the course of reducing a dislocation of 
the elbow, forceful abduction may, in 


* From the Traumatic Surgical Service, Cumberland Hospital. 
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addition to producing an_ epicondylar 
fracture, cause a contusion or stretching 
of the ulnar nerve leading to some degree 
of ulnar involvement. It is our opinion, and 
the same view was hinted at by Cotton, 
that such epiphyseal fracture of separation 
may be the result of awkward, incom- 
petent, forceful and overenthusiastic reduc- 
tion of a dislocation of the elbow joint. 
With manipulation, the separated epi- 
condyle, lying behind the trochlea and in 
front of the semilunar notch, may drop or 
be forced into the notch as the humerus 
slides forward. The epicondyle may thus 
be locked within the joint proper, carrying 
with it the insertions of the flexor muscles, 
the ulnar collateral ligament, and the 
ulnar nerve, the latter by means of fibrous 
tags stretching from the wayward epi- 
condyle to its former bed. The nerve thus 
may be stretched, constricted by fascial 
bands, or crushed between the bony 
surfaces. 

Statistics on the incidence of this lesion 
are few. In a recently published tabulation® 
of 4,390 cases of fractures and dislocations 
treated by the Fracture Service of the 
Massachusetts General Hospital, fractures 
or separation of the medial epicondyle 
occurred twenty-seven times (.006 per 
cent). Eight of these complicated disloca- 
tion of the elbow, of which four showed 
evidence of ulnar nerve paralysis. Platt,® 
in a review of gig fractures and dislocations 
about the elbow joint, noted 166 fractures 
of the medial epicondyle. Of these only 
twenty-two showed the epicondyle in the 
joint. Of the twenty-two cases of epi- 
condylar inclusion, the ulnar nerve showed 
some evidence of primary injury in seven- 
teen. In two cases it was discovered at 
subsequent operation that the nerve had 
entered the joint itself, along with the 
epicondyle. Our own case reported below 
is of that unusual variety. 

Olmos’ demonstrates the predominance 
of this lesion among children in a review of 
forty-two cases of ulnar nerve paralysis in 
fractures about the elbow, giving the 
following table of age incidence: 
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No. 
G years Of age... 8 


DIAGNOSIS 


Cotton blames the failure to recognize an 
ulnar nerve involvement upon the satisfac- 
tion of the manipulator in getting the dis- 
location reduced, with the omission of any 
detailed examination afterward. The possi- 
bility of this particular lesion should be 
kept in mind in treating a supracondylar 
fracture of the humerus or a dislocation of 
the elbow, especially when it occurs in 
children, since this is essentially an injury 
of childhood. The carrying angle may be 
increased and the medial epicondyle can- 
not be palpated in its proper place. There is 
limitation of flexion and extension, and 
some degree of ulnar nerve involvement 
may be demonstrated. Routine roentgeno- 
grams should be taken before reduction, 
but it is imperative that they be repeated 
afterwards. 

In considering the diagnosis of this 
syndrome, the following points are stressed: 

1. Age incidence: in all elbow fractures 
in children, this possibility should be borne 
in mind. 

2. The usual signs of ulnar nerve in- 
volvement, paralysis, paresis, anesthesia or 
paresthesia, wasting, etc. 

3. X-ray findings: (a) absence of the 
medial epicondyle from its anatomic posi- 
tion; (b) visualization of the fragment 
within the joint; (c) medial widening of the 
joint space. It is advisable to compare the 
injured elbow with the normal side. 


TREATMENT 


Since many of these cases follow over- 
ardent manipulation in attempted correc- 
tion of a dislocation of the elbow, a mini- 
mum of manipulation is recommended. 
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Where the medial epicondyle has been 
fractured or separated, the fragment is 
sometimes turned end over end, due to a 


Fic. 1. Normal ana- 
tomic relationship 
of the ulnar nerve 
to the (unfused) 
medial epicondyle. 


strong muscle pull. Such cases are impossi- 
ble to reduce by closed manipulation, and 
open reduction must be resorted to. When 
roentgenographic studies reveal that the 
fragment is not within the joint itself, an 
attempt at closed reduction should be 
made, keeping in mind the possibility of 
ulnar nerve involvement. If this attempt 
fails, an open reduction should be done as 
soon as feasible. 

In cases where the medial epicondyle has 
entered the joint, three different methods 
of replacement have been devised. Feévre 
and Roudaitis” advise abduction of the 
forearm in extension and supination, longi- 
tudinal traction in the axis of the arm, and 
flexion of the forearm with or without 
transilatory movements to the inside. 
Zadek!! reports closed reduction by in- 
creasing the carrying angle and then apply- 
ing traction with digital pressure over the 
head of the radius. Schmier,!? on the basis 
of anatomic and kinesiologic knowledge 
that the superficial flexor muscles of the 
forearm originate from the medial epi- 
condyle by a common tendon, felt that if 
tension were applied to these muscles, the 
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interposed fragment might be dislodged 
from the joint by the muscle pull upon it. 
Accordingly, under anesthesia, the forearm 


Fic. 2. Condition observed on operation, 
with the ulnar nerve dipping into the 
elbow joint, compressed between the 
olecranon and the trochlea. 


is slightly supinated, the wrist, fingers and 
elbow extended, and the forearm slightly 
abducted to increase the gap between the 
trochlea and the ulna. No more abduction 
is employed than is ordinarily used in an 
open reduction. Schmier believes that no 
further damage can be done to the nerve. 
It is our opinion that manipulation, if 
carried out soon after the injury, may 
displace the epicondyle from the joint, but 
it will not replace it and further injury may 
be done to the nerve. 

We advocate early operation as soon as 
nerve involvement is appreciable, or, when- 
ever the fractured fragment is in such a 
position that it can not be properly re- 
placed with minimum manipulation. When 
the epicondyle is widely separated or 
comminuted, it should be excised with 
anterior transposition of the nerve whether 
or not paralysis is present.® 

The incision is made along the inner side 
of the elbow. The nerve is exposed and, in 
epicondylar inclusions, is carefully dis- 
sected from above downward to the point 
where it enters the joint. The flexor 
muscles are then identified and with the 
elbow in abduction, traction is made on the 
flexor muscles and the fragment is released 
from the joint. The ulnar nerve is then 
transposed to the anterior aspect of the 
forearm. It is sometimes necessary and 
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usually expedient to excise the superfluous 
epicondyle. Where the fragment is large 
enough, it may be fixed by means of a wire 


Fic. 3. 


The elbow was swollen, tender, and painful, 
was held at right angles, with limitation of all 
motion. The x-ray revealed a fracture through 


Fics. 3 AND 4. Roentgenographic (preoperative) study, showing the absence of the medial 
epicondyle from its proper position. A widening of the mesial portion of the joint space, 
and the fragment displaced downward and forward to the joint. 


nail. Growth disturbance, because of the 
excision or internal fixation, is of no clinical 
importance.!* The common flexor tendon 
is either sutured to the periosteum or to the 
humerus through a drill hole. In all opera- 
tive procedures for avulsion of the medial 
epicondyle, whether nerve involvement is 
apparent or not, the ulnar nerve should be 
transposed anteriorly to avoid injury 
either from the roughened epicondylar bed 
or from fibrous tissue stimulated with 
healing. 


CASE REPORT 


J. H., male, 14 years of age, was seen at the 
Out-patient Department on September 9, 1937, 
with his left arm immobilized in a Velpeau 
dressing. He had fallen on his elbow the day 
previous, and at a nearby hospital under 
general anesthesia his elbow was manipulated 
and immobilized. He was told that he had had 
a fracture-dislocation, but no roentgenographic 
study had been made. 


the internal epicondyle with displacement and 
rotation of the epiphyseal nucleus. 

On November 1, 1937, evidence of ulnar 
nerve involvement was noted and the boy 
was admitted to the hospital. Tenderness was 
elicited at the site of the epicondyle, but the 
epicondyle could not be felt. The carrying 
angle was increased. Extension was limited to 
110 degrees and flexion to 70-80 degrees. The 
hypothenar eminence and lumbricales were 
atrophied. The fifth finger was maintained in 
flexion with loss of ability to extend at the 
interphalangeal joints. There was loss of sensa- 
tion from about 1 inch above the ulnar styloid 
down to and including the fifth finger and the 
inner half of the fourth finger. Roentgenograms 


-on November 4 revealed an injury to the 


center of ossification of the medial epicondyle, 
which was displaced downward and forward, 
lying in the elbow joint internal to and in front 
of the trochlea. (Figs. 3 and 4.) 

Open operation was done because of the 
ulnar paralysis. A curved incision was made 
following the ulnar groove, passing in a line 
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from a point 3 inches above the medial epi- 
condyle to 3 inches below the groove. The 
ulnar nerve was exposed in the upper part of 
the incision lying on the inner head of the 
triceps, and was traced downwards to the 
groove behind the internal epicondyle, dividing 
the fascia along the posterior border of the 
nerve. Similarly the distal portion of the nerve 
was dissected upwards, with care not to injure 
the branches to the flexor carpi ulnaris. 

The ulnar nerve was found to dive under a 
fibrous arch, pulled over so that it was lying 
between the trochlea and ulna, compressed 
between the two articular surfaces. (Fig. 2.) 
The nerve was released by severing the fibrous 
band, and then was transplanted anteriorly 
into a new bed formed by cutting the humeral 
head of the flexor carpi ulnaris about 14 inch 
below the medial epicondyle. Because of the 
fact that the patient had a range of motion 
sufficient to carry on his usual necessary func- 
tions, this procedure was deemed adequate. 
The severed muscle ends were approximated, 
deep fascia overlapped, and the wound closed. 
The forearm was immobilized at right angles 
to the arm. The wound healed and the patient 
was discharged. 

On May 27, 1938, a follow-up examination 
showed normal pronation, very slight limitation 
of supination. Extension was increased 25 
degrees over the preoperative status to 135 
degrees and flexion increased about 35 degrees 
to approximately 40 degrees. There was still 
some residual wasting between the metacar- 
pals, and extension of the fifth finger was 
limited to about 65 degrees. At the site of 
previous anesthesia sensation had improved 
somewhat, so that only mild paresthesia and 
diminution of sensibility to warmth remained. 

On October 10, 1938, eleven months after 
the operation, the patient showed a further 
improvement of extension to 150 degrees, 
while flexion was but 5 degrees less than on the 
normal side. There was a full regeneration of 
the ulnar nerve demonstrated by a complete 
return of all sensation and the ability to extend 
the fifth finger fully. This agrees with the 
estimation of Tinel'* that the average period 
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for the regeneration of the ulnar nerve is ten 
to sixteen months. 


SUMMARY 


1. A typical case of ulnar nerve paralysis 
complicating fracture of the medial epi- 
condyle or the humerus is presented and 
statistical incidence and literature on the 
subject is reviewed. 

2. The anatomy of the part is reviewed 
and the mechanism of injury is explained. 

3. A plea is made for careful examination 
and an early operative release of the ulnar 
nerve from its position and compression. 
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THE TREATMENT OF DUPUYTREN'S CONTRACTURE* 


Henry W. MeEyeErDING, M.D. 
Section on Orthopedic Surgery, The Mayo Clinic 


ROCHESTER, MINNESOTA 


N 1832, Dupuytren,! a French surgeon, 
described a flexion deformity of the 
fingers resulting from shortening and 

thickening of the palmar fascia. Attempts 
to straighten the fingers by extension, by 
the application of omtments and by mas- 
sage were carried out in the hope of resolv- 
ing the contracting mass, but they proved 
to be useless. Dupuytren said: “‘A person 
attacked by this infirmity attached to his 
finger a weight amounting to 150 pounds 
(68 kg.), without influencing in the least 
the degree of the flexion.” Operative treat- 
ment therefore became recognized as the 
method of choice, especially with the 
advent of aseptic surgery. Koch,? in 1933, 
considered that Dupuytren’s contracture is 
a surgical condition; Sir William Fergu- 
son,* in 1842, had stated: ‘The fascia 
should be dissected out at once.” 

In 1882 Bellamy’ said: “...as I 
thought the tendon was uninvolved, and 
still ran in a tolerably free theca, I divided 
the bands with a von Graefe’s iridectomy 
knife, which is singularly useful for fine 
plastic work, and extended the fingers 
forcibly. No good came of this proceeding. 
I subsequently placed him (the patient) 
under an anesthetic, and carefully and 
thoroughly extirpated the entire cicatricial 
tissues, and divided the tendon, with anti- 
septic precautions. The finger was care- 
fully retained in the straight position, a 
metal circlet was made for the wrist, and a 
piece of stout steel clock-spring welded to 
it. This steel spring was carried up the 
dorsum of the finger and suitably attached 
to it. By its tension it effectively kept the 
parts on the stretch and when the wound 
had healed, passive and active movements, 
conducted by the patient himself, brought 
about an excellent result.” In 1920, Men- 


* Read before Western Section, American Congress of Physical Therapy, Los Angeles, California, June 9, 1938. 
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nel® wrote: “‘Dupuytren’s contracture can, 
I firmly believe, be prevented from causing 
deformity if the trouble is detected early 
enough, and the patient is instructed to 
perform for a few minutes twice daily the 
exercise of hands clasping and turning, 
spaced with a little deep kneading of the 
palm. Otherwise, when the deformity is 
fully established, no physical treatment 
seems to be really effective.”’ In 1929, Jones 
and Lovett® said: “In the early stages, 
exercise designed to hyperextend the fin- 
gers should be prescribed. The patient 
should be instructed to stretch the con- 
tracture regularly. Operative measures are 
required when the deformity is more 
marked.” In 1932, Davis’ expressed the 
opinion that delaying operation unfortu- 
nately results in extreme contracture, 
“making impossible complete eradication 
of the diseased tissue and permitting the 
secondary changes in the skin and joints 
which are so frequent causes of recur- 
rence.” In 1933, Wolf® said: “It is obvious 
that no form of physiotherapy can affect 
scar tissue.” 

In discussing the after-treatment in 
cases of Dupuytren’s contracture, some 
authors recognized the need of careful 
splinting and physical therapy. According 
to Jones and Lovett, if the operation of 
subcutaneous division by multiple punc- 
tures is performed the after-treatment 
should consist of the early use of active 
movements and regular stretching. They 
also said that prolonged splintage will 
defeat the object of this simple operation. 
They expressed the opinion that the opera- 
tion of open dissection and removal of 
contracted bands is frequently indicated. 
The treatment employed after this opera- 
tion presumably was the same as that 
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employed after the operation of subcu- 
taneous division by multiple punctures. 

Smith,° in 1884, said that the treatment 
of choice is operation upon the contracted 
bands of fascia. He did not agree with the 
recommendation that many incisions should 
be made; he said that as few incisions as 
possible should be made. The object of this 
treatment is to separate the cut parts as 
much as possible, in order that the con- 
tracture will not recur. 

Reeves,!® in 1885, recommended com- 
plete excision of the contracted tissue 
rather than subcutaneous division. After 
the operation he put the hand in a long 
back splint for the forearm and hand; the 
fingers were fully extended. The bandages 
were relaxed in twenty-four hours; they 
purposely had been applied somewhat 
firmly, in order to maintain full extension. 
““The wound healed by first intention, and 
within three weeks my patient could play 
the piano, write letters, and so forth.” In 
1890, Macready said: “It is necessary to 
observe the difference in the after-treat- 
ment between the palmar and the pha- 
langeal cases. The palmar can be treated 
throughout with the ordinary soft metal 
splint, bent to the fingers and gradually 
extended. The phalangeal cases, however, 
are best treated by the aid of a dorsal 
splint with rack and pinion movement over 
the finger-joints. . . . It is quite possible 
to obtain complete success, even in severe 
cases, by using the simple metal splint on 
the palm but not without much diligence 
and constant attention on the part of the 
surgeon. In all cases, extension should not 
be made at once or pain is produced. After 
division of the bands and straightening of 
the fingers, they should be allowed to 
resume their flexed position before the 
soft metal splint is adapted. Extension, 
whatever apparatus is used, should not 
begin till four or more days have elapsed, 
and should be continued for a week or more 
after full extension of the fingers has been 
accomplished.” 

Adams!?? read a paper on this subject at 
a meeting of the Medical Society of London 


in 1890. A report of this meeting contained 
the following statement: “Mr. Adams still 
used the steel instrument fitted to the 
dorsal aspect of the hand with prolonga- 
tions along the contracted finger or fingers, 
having joints corresponding to the phalan- 
geal articulations, movable by rack and 
pinion joints in all cases of phalangeal 
contraction. In cases of simple palmar con- 
traction this might be dispensed with, 
and a padded metal splint capable of being 
bent to any curve and altered from day to 
day might be applied. Mechanical exten- 
sion should be maintained for three weeks, 
night and day, allowing only a little pas- 
sive movement, and then gradually discon- 
tinued during the day but maintained at 
night for several months, by a simple form 
of retentive splint.” In 1931, Manson!* re- 
ported that this condition affected four 
members of one family, a father and three 
sons. There was no history of gout in this 
family. Manson said that the hereditary, 
environmental and senescent factors were 
difficult to evaluate as the deformity 
usually developed late in life and many per- 
sons died before it developed. In 1931, 
Trumper'! reported a case in which he 
thought chopping wood was an etiologic 
factor and expressed the opinion that the 
patient obtained benefit from application 
of an ointment. 

In 1931, Powers!® reported a case in 
which scleroderma was a complication. 
According to this writer, after the original 
report on Dupuytren’s contracture in 
1832, the first important contribution on 
the subject was not made until 1902. 
Powers expressed the opinion that in cases . 
in which the contracture is associated with 
pulmonary disease it is the result of irrita- 
tion of the inferior cervical and first thoracic 
ganglions, which are situated directly 
behind the pleura. 

In 1932 Desplas and Meillére'® reported 
eight cases in which the palmar fascia was 
resected by making two lateral incisions 
and raising the intervening flap. In a dis- 
cussion of this report, Fredet!’ suggested 
that the excellent results obtained by these 
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authors could not be attributed to the 
method of treatment as an early stage 
contracture was present in all of the cases. 
Fredet agreed that not only the palmar 
fascia but also the lateral digital exten- 
sions must be cut if a successful result 
were to follow. He said that the technique 
employed by Desplas and Meillére was 
satisfactory in cases of early contracture 
but that it did not provide sufficient 
exposure in cases of advanced contracture. 
According to Fredet, the skin grafting 
operation that has been advocated by Paul 
Berger, although rarely indicated, has a 
place in the treatment of Dupuytren’s 
contracture. 

Moure,!* in discussing the same paper, 
said that the most important part of the 
procedure was to excise as much of the 
involved skin and fascia as possible. To do 
this he used an incision which was begun 
at the ulnar side of the fifth finger and ex- 
tended transversely across to the median 
line of the heel of the hand at the level of 
the lower border of the annular ligament. 
In cases in which the middle and index 
fingers were involved he made a second 
incision along the radial side. 

In 1932, Davis’ reviewed thirty-one 
cases and said that the etiology was 
obscure. He said that fibrolysin, radium 
therapy and Roentgen therapy are use- 
less, but that fascial excision, fascial exci- 
sion and skin graft, and subcutaneous 
fascial division are beneficial in certain 
cases. In 1932, Noica and Parvulescu!® 
expressed the opinion that the contracture 
is due to injuries to the eighth cervical and 
first thoracic nerves and cited cases from 
the literature in which the arthritis, bullets, 
hematomyelia, and so forth, seemed to be 
the exciting factors. They reported two 
cases in which syphilis, and one case in 
which a lesion in the region of the eighth 
cervical and first thoracic roots, produced 
a bilateral deformity of the hands. 

Jelliffe?® said that certain unconscious 
grasping tendencies were transmitted to 
embryonic tissues and persisted in the pal- 
mar fascia of certain persons. He expressed 
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the opinion that this might be a factor in 
the development of the contracture. Power?! 
said: ‘‘Dupuytren’s contracture is not an 
isolated condition and not a clinical 
entity, but usually an effect of past, or 
present visceral disease, producing irrita- 
tion of the sympathetic system.” In his 
earlier paper,’> he said, “While I have 
little personal knowledge of the various 
modes of physiotherapy, I believe that 
they should be tried with the definite 
objective of depressing the inferior cervical 
and the first dorsal sympathetic ganglia, 
and combined with conservative local 
surgery if necessary. I feel that sympa- 
thectomy should be resorted to only when 
the pain cannot otherwise be relieved.” In 
his more recent article, 2! he said: “‘ It seems 
possible that conservative surgery, even 
when signs of sympathetic irritation were 
present, might give permanent results, if 
followed by parathyroid treatment.” Ac- 
cording to Koch,? protection of the digital 
nerves deserves attention. Davis’ said: 
“The radical operation of excision of the 
diseased fascia with immediate skin suture 
yielded very disappointing results . . . as 
high a percentage as 20 were definitely 
worse. This last figure is made up entirely 
of cases showing perfect anatomic results, 
yet functionally ruined by scar tenderness 
and finger anesthesia. The cause of failure 
in these cases is apparently inclusion of a 
digital nerve in the scar underlying the 
suture line, or possibly subsequent mas- 
sage on the dissected nerve, which, denuded 
of its protective covering, resents unaccus- 
tomed pressure. . . . Massage, manipula- 
tion, extension, hot-water baths, passive 
hyperemia, ionic medication, and counter- 
Irritation have been tried for generations 
without effect, although occasional suc- 
cesses have been claimed following their 
employment.” In considering the post- 
operative treatment the author said: 
“Continuous splinting for a week is 
adapted, followed by massage and manipu- 
lation with night splint only for a further 
month.” 
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It has been my experience that many 
patients who have Dupuytren’s contrac- 
ture do not consult the surgeon during the 
early stage of the disease and, as a rule, 
are not seriously concerned until the de- 
formity becomes obvious to their friends or 


interferes with their work. In many of the 


cases of Dupuytren’s contracture which 
have been observed at the Clinic the con- 
dition was discovered in the course of a 
general examination for other symptoms 
and when the patients were advised as to 
treatment they have not seemed to be 
seriously impressed as to the necessity of 
proper measures to relieve the contracture; 
on the other hand, in some cases the 
patients have not come for examination 
until the deformity has reached such a 
degree that only the most radical surgical 
treatment is of any avail. I have observed 
such a case in which the deformity had 
been present twenty-five years; the hands 
had become macerated and a foul odor 
was present; at the time this patient was 
examined at the clinic he wished to be 
assured that the operation would guarantee 
a perfect result. The condition had already 
produced contracture of all the fingers and 
of the thumbs and the patient constantly 
employed a handkerchief to wipe the 
macerated region. Needless to say, we could 
not give the patient such preoperative 
assurance. 

At the Clinic we have observed a great 
difference in the rapidity of progressof the 
disease and also have noted that for some 
unknown reason the progress of the de- 
formity is often arrested and it may cease 
to increase for many years. In some cases 
the early stages of the contracture are 
unattended by local soreness or redness, 
and signs of inflammation are absent; in 
other cases definite tenderness and swell- 
ing, some local redness and possibly a local 
increase in temperature are noted. The 
region first involved is the palmar aspect 
of the metacarpophalangeal joint of the 
ring finger. Repeated trauma to this region 
is a very common occurrence; when such 
trauma is associated with some toxic 


Irritant that acts systemically it may pro- 
duce irritation of the palmar fascia and 
cause fascial hypertrophy. Following opera- 


Fic. 1. Dupuytren’s contracture, grade 
1, of the left hand. 


tion I occasionally have noted an acute 
swelling with local redness and heat and 
rarely an attack of arthritis, without 
evidence of wound infection or drainage. 
I have seen this condition complicating 
arthritis in many cases and believe re- 
peated trauma may be a possible exciting 
factor in the causation of the contracture. 
I feel that the avoidance of trauma to 
affected regions is of great importance. The 
removal of foci of infection and the improve- 
ment of the general health may also be 
factors in the prevention of the develop- 
ment of the disease and are well worth 
while. 

In some cases in which the deformity is 
not great, subcutaneous fasciotomy may 
relieve the contracture if great care is 
exercised in order to avoid injuring blood 
vessels, nerves and tendons. However, 
treatment of Dupuytren’s contracture is 
most successful if the contracted palmar 
fascia is removed and proper postoperative 
measures are applied. In order to remove 
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because it is densely adherent to the 
hypertrophied fascia; in such instances the 
involved skin and fascia are excised, and a 


the fascia it is necessary to make an 
incision which will permit adequate ex- 


posure. The longitudinal incision over the 


Fic. 2. Dupuytren’s contracture, grade 2 of the right hand and grade 1 of the Ieft hand. 


fourth metacarpal bone has been used 
most commonly in the past, but because of 
the difficulties of exposure and the tendency 
to irritation from repeated movement this 
method has been superseded by incisions 
made along the fifth metacarpal bone and 
transversely along the linea mensalis. 
Because the linea mensalis is formed as the 
result ‘of flexion of the little, ring and 
middle fingers and because the palmar fas- 
cia divides just distal to it and forms bands 
which pass to the fingers, incision at this 
point affords excellent exposure. Further- 
more, the majority of contractures form in 
this region at the base of the ring finger, 
and unless the fingers are involved by 
extension of the contracture it is seldom 
necessary to make a second incision in the 
palm. An anterolateral incision is used in 
dissecting the fascia of the fingers. 

For some of the extensive lesions it is 
obvious that the skin must be sacrificed, 


skin graft of full thickness is applied to 
cover the defect. For many years I have 
used the cuff of the sphygmomanometer to 
obtain a bloodless field, releasing it occa- 
sionally to permit circulation and to 
facilitate isolation and ligation of the 
small bleeding points with very fine cat- 
gut. It is highly important that the wound 
be dry and that the clots be removed 
before the wound is closed. 

Strong antiseptic substances should not 
be placed in the wound. If any solution is 
to be used, I prefer an isotonic solution of 
sodium chloride. Great care must be taken 
in handling the tissues; fine hemostats and 
forceps, retractors with blunt edges and 
moist sponges are preferable. 

I usually expose the narrow, upper end 
of the palmar fascia, isolate it with small, 
blunt-pointed dissecting scissors, pass a 
hemostat under it and, after clamping it 
firmly, divide it with a knife. The fascia 
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can then be raised by gently pulling the 
forceps away from the palm, and with a 
fine knife or scissors the fasciculi can be 
divided as they pass in various directions. 
The dissection is continued distally until 
all contracted fascia has been freed; if 


such fascia should continue into the fingers, : 


separate incisions and dissections should 
be made. At the time that the contracted 
fascia is removed from the fingers, great 
care must be taken in separating the 
nerves and blood vessels from the fibrous 
mass in which they lie. Should the surgeon 
merely expose the fibrous mass and excise 
it, he may find later that the patient has 
resultant anesthesia and impaired circula- 
tion. I have mentioned the possibility of 
the use of subcutaneous operations if the 
involvement is slight. However, it is diffi- 
cult for me to understand how the fascia, 
when extensively involved, can be safely 
and satisfactorily sectioned subcutaneously, 
in view of the fact that even with good 
hemostasis and adequate exposure the 
operation obviously is difficult. 

The strictest aseptic technique must be 
employed, as infection in an extensive 
wound of the palm would be disastrous. 
Preliminary preparation by washing the 
hand thoroughly with soap and water and 
applying an alcohol dressing the night 
before operation is excellent, but it has not 
always been carried out unless the appear- 
ance of the extremity has indicated that 
it is necessary. As a rule, I scrub the hand 
with benzine to remove the oil from the 
skin, then apply ether to dry the skin, and 
a coat of tincture of merthiolate or tincture 
of iodine diluted one-half with alcohol. Use 
of this method has been attended with 
marked success, and patients who have 
undergone this preparation have not had 
infections. 

The wound is closed snugly without 
drainage. A posterior splint of aluminum is 
applied to hold the involved fingers in 
extension. The splint should be well 
padded with gauze to protect the skin over 
the articulations from excessive pressure. 
If there is difficulty in obtaining full exten- 


sion of the fingers, it is best to allow them 
to remain flexed slightly and to straighten 
them gradually. This is accomplished by 


Fic. 3. Dupuytren’s contracture of the right 
hand, grade 2. 


placing an adhesive band about the tip of 
the finger and pulling it toward the splint. 
The splint extends upward to about the 
middle of the forearm and is moulded to 
fit the contour of the arm. Dressings are 
not changed for a week. When they are 
changed, the gauze, if dry and adherent, is 
allowed to remain in position; the fingers 
are inspected for signs of pressure and the 
splint is reapplied. The duration of fixa- 
tion varies with the extent of the deformity; 
I prefer to allow the incision to heal and 
then begin motion, reapplying the splint 
for the night until free motion is obtained. ~ 
When the contraction recurs, it usually is 
in those cases in which operation has been 
performed with apparent success but fixa- 
tion has either not been applied or has been 
continued for an insufficient time. 

In dealing with some extensive lesions, 
especially if operations have been per- 
formed previously and ankylosis has fol- 
lowed, I have excised the involved fascia 
and skin, and have used the skin from a 
disarticulated, functionless finger as a 
pedicle graft to cover the denuded palm; 
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the results have been excellent. This 
method usually has been used in those 
cases in which it has been necessary to 


remedy a poor result of a former operation; 
the finger has been acutely flexed and 
prognosis for function of the finger is poor. 
Operation produces a more speedy and 
satisfactory result than could be obtained 
by more conservative methods, but, of 
course, it has a limited field. 

The postoperative treatment which I 
commonly employ is as follows: The pri- 
mary dressing is left in place for a week to 
ten days, during which time firm clotting 
and drying of the wound take place. A 
dorsal splint is worn during this time and 
movement is avoided. The stitches may 
then be removed; the heavy fibrotic scabs 
which form on either side of the skin 
incision should not be removed, as it is 
best to allow them to become loose. If 
this is not done the wound may open and 
further complications may arise. During 
this postoperative period, which usually 
lasts for about seven days, radiant heat 
(from a v-shaped, six-lamp baker, con- 
taining 60 watt bulbs; or from a 250 watt 
gas-filled tungsten bulb in a cup-shaped 
reflector, at a distance of 2 feet, 61 cm.) is 


Fic. 4. Bilateral Dupuytren’s contracture, grade 3. 


JULY, 1940 


applied to the palmar surface of the hand 
and fingers for thirty minutes daily. Fol- 
lowing the application of heat, passive 


movements of the fingers are instituted for 
five minutes; one should take great care to 
see that the movements are sufficiently 
gentle to avoid opening the skin wound. 
Early motion is urged, but not at the ex- 
pense of creating drainage, as this may 
cause infection. 

The hand and forearm may now be 
introduced into a whirlpool bath, since 
the skin incision should by this time be 
well healed. The whirlpool bath is an oval 
tub containing whirling, aerated water 
which is kept at a temperature of I10°F. 
It produces marked hyperemia of the 
superficial tissues and, because of its 
gentle massage effect, there is relaxation of 
the musculature and a sedative effect on 
the endings of the peripheral nerves. The 
whirlpool bath is applied for thirty min- 
utes, and it ideally prepares the part for 
massage and manipulation. Again, the 
firm scabs around the wound are undis- 
turbed until they fall off of their own 
accord. At this stage, active assistive 
exercises may be instituted. The patient 
makes an active effort to move the affected 
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fingers, and he is assisted in the completion 
of these movements by the operator. A 
period of five minutes is usually devoted to 


Meyerding—Dupuytren’s Contracture American Journal of Surgery IOI 


deformity encountered in Dupuytren’s 
contracture. In a previous report”? I have 
given the method of grading the degree of 


this type of exercise. As treatment con- 
tinues, the assistive movements of the 
operator are decreased, and active move- 
ments are increased until the patient is 
able to use the fingers actively in a normal 
manner. During this time, dressing of the 
wound is continued until the scabs have 
fallen off and complete healing has been 
established. The continuous dorsal splint, 
however, is removed, and if a tendency to 
flexion deformity still persists, an alumi- 
num hand splint is applied at night. This 
night splint is usually worn by the patient 
for one month. At the end of the fourth 
week, the patient is provided with a baker 
or heat lamp of the type described and is 
instructed in its home use. At this time all 
danger of injury to the dissected nerves, 
mentioned by Davis, has disappeared, 
and the patient is shown how to apply the 
gentle kneading and friction of the palm; 
he also is specifically instructed in exten- 
sion and flexion exercises of the fingers, and 
is further warned to avoid repeated deep 
trauma to the palm of the hand. 


REPORT OF CASES 


The following case histories and illustra- 
tions bring out some of the alleged etiologic 
factors and illustrate various degrees of 


Fic. 5. Bilateral Dupuytren’s contracture, grade 4. 


deformity encountered in Dupuytren’s 
contracture. 


Case 1. A boy, aged 17 years, had been in 
an automobile accident thirteen months before 
he came to the clinic. He had sustained an 
injury to the upper part of the thorax, which 
had caused traumatic myelitis and immediate 
temporary paralysis of the arms and legs. There 
had not been any evidence of a fracture. A 
few days after the accident he had been able to 
move his arms and legs slightly, but he never 
had regained full use of his hands. Dupuytren’s 
contracture had been noticed about one month 
after the injury. 

The patient was operated on and a typical 
contracted fascia excised from the left hand. 
(Fig. 1.) The pathologist made a diagnosis of 
chronic inflammatory tissue with marked 
fibrosis. The convalescence was satisfactory. 
After he left the clinic he reported that his 
condition had improved but that he still had 
a little residual paralysis. 

Case 1. A woman, aged 58 years, had 
noticed a gradual tightening of the flexor 
tendon of the fourth and fifth fingers of the 
right hand for five years before she, came to 
the clinic. (Fig. 2.) This had been followed by 
a similar contracture of the left hand. 

Examination disclosed a typical Dupuy- 
tren’s contracture. The fourth and fifth fingers 
of the right hand were chiefly involved. Opera- 
tion was performed on both hands and the 


IO2 American Journal of Surgery Meyerding—Dupuytren’s Contracture 


contracted, thickened fascia was excised. The 
pathologist reported chronic inflammatory 
tissue and fibrosis (Dupuytren’s contracture). 

Case 11. A priest, aged 52 years, came to 
the clinic because of disability of his hands; he 
also requested an examination for diabetes. 
Three years prior to his admission a diagnosis 
of diabetes had been made and treatment had 
been instituted. He also complained of pain 
and stiffness in his knees. The first symptoms 
in his hands had been redness of the right 
palm, which he had noticed about one year 
previous to his admission. There had not been 
any injury or previous infection. Gradual 
contracture of the palms and fingers of both 
hands had occurred; the deformity of the right 
was more marked than that of the left. He had 
noticed the formation of firm, round, fixed 
nodules, which were tender. A physician con- 
sulted regarding this condition had made a 
diagnosis of Dupuytren’s contracture and 
advised treatment. (Fig. 3.) 

Examination revealed that the concentration 
of sugar in the urine was 3.2 per cent. The 
tonsils were infected and the diagnosis of 
Dupuytren’s contracture was confirmed. No 
operation was performed but he was treated for 
the diabetes. 

Casetv. A lumberman, aged 63 years, came 
to the clinic complaining of a flexion deformity 
and disability of both hands. He had noticed a 
contracture of the third and fourth fingers of 
the right hand and of the fourth and fifth 
fingers of the left hand for six years before 
he had come to the clinic. He believed that 
the handling of lumber and the resulting irrita- 
tion may have been a factor in the production 
of his condition. (Fig. 4.) 

Examination disclosed definite infection of 
the tonsils and ringworm of the left hand. 
Multiple tenotomies were performed on the 
palmar fascia of the right hand; dissection and 
removal of a portion of the fascia over the 
proximal phalanx were carried out. 

The patient had symptoms of arthritis of 
the knees before the operation and following 
it there was some stiffness in the hand; he was 
referred for physical therapy and for removal 
of the infected tonsils. Two months later the 
surgeon noticed that arthritis was developing 
in the small joints of the hand; treatment was 
carried out and the patient improved grad- 
ually. He was advised to continue the physical 
therapy at home. Improvement continued. 
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The pathologist reported pus in the tonsils, 
which had been removed. This patient also 
had undergone an operation for an ulcer of the 
duodenum. 

Case v. A merchant, aged 65 years, came 
to the clinic because of a flexion contracture of 
both hands. He first had noticed dimpling in 
the fifth finger of the right hand about eight 
years before he came to the clinic. This had 
resulted in marked contracture of the fifth 
finger, which defied all methods of conservative 
treatment. (Fig. 5.) 

Examination revealed that the fifth finger 
on each hand was acutely flexed and almost 
touching the palm. The contracted palmar 
fascia extended well across the palm. An opera- 
tion was performed on the left hand and the 
contracted palmar fascia was excised. This 
permitted full extension of the finger. Posterior 
splints were applied and physical therapy was 
carried out. The pathologist reported chronic 
inflammatory tissue and fibrosis (Dupuytren’s 
contracture). The patient left the hospital two 
days following the operation and insisted on 
returning home after four more days. He was 
advised to continue with the splints and 
return in three weeks. His convalescence was 
uneventful. 


SUMMARY 


It is evident from a review of the litera- 
ture that conservative treatment, namely, 
stretching, heat and massage and the use 
of ointments and irradiation, has failed to 
prevent or cure Dupuytren’s contracture. 
Following an experience of more than 
twenty years, during which time I have 
seen 315 patients who were afflicted with 
this condition and have operated on more 
than 100 of them, I have come to the con- 
clusion that the operation of choice is 
surgical excision of the involved palmar 
fascia. The result has been satisfactory in 
about go per cent of the cases. Subcu- 
taneous section of the constricting bands of 
palmar fascia is a satisfactory method of 
treating certain patients. A carefully man- 
aged program of physical therapy is neces- 
sary. A combination of excision, splinting 
and physical therapy results in a useful 
functioning extremity. 
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THE PROBLEM OF ACUTE APPENDICITIS 
A SURVEY COVERING FOUR YEARS 


H. Jackson Kine, M.D. 


Associate Attending Surgeon, Binghamton City and Lourdes Hospitals 


BINGHAMTON, NEW YORK 


HIS paper presents a series of cases 

of appendicitis at the Binghamton 

City Hospital during the years 1934- 
1937 inclusive and, for the purpose of 
comparison, during the year 1929-1930. 
Comparable months are included in each 
year, that is, from September of one year 
to September of the next. Cases in which 
the appendix was removed routinely or 
in which appendicitis did not appear to 
be the principal pathology are not in- 
cluded. Cases of chronic appendicitis and 
so-called subacute appendicitis are grouped 
under one classification “chronic appendi- 
citis.”’ They are not important in this 
analysis except for their number and chance 
mortality. 

During these four years, 1,628 patients 
were operated on primarily for appendi- 
citis. There were forty-four deaths, giving 
a mortality of 2.7 per cent for the series. 
There were 824 chronic cases and 804 
acute cases. Among the 824 chronic 
cases there were three deaths, a mortality 
for that group of .36 per cent. 


TABLE I 

Mor- 

Oper- | tality 

ated Died Per 

Cent 
Acute uncomplicated........... 584 2 34 
Acute local peritonitis.......... 132 10 7.57 
Acute with abscess............. 56 8 | 14.28 
Acute diffuse peritonitis........ 32 | 21 | 65.62 


The 804 cases of acute appendicitis 
were selected after careful personal study 
of the histories and physical examinations, 


104 


the temperature and pulse charts, labora- 
tory data, operative sheets and pathologic 
diagnosis. Only those cases were con- 
sidered acute in which the diagnosis was 
certain beyond any reasonable doubt. 
Mortality statistics for the group are 
indicated in Tables 1 and 11. 


TABLE 1 

Mortality 

Operated | Died Dar Cent 
226 13 4.9 


Age Incidence and Mortality. Acute 
appendicitis is primarily a disease of 
youth and young adulthood. In Krech’s 
series 56 per cent of all the cases occurred 
during the second and third decades of 
life. In the present series 60 per cent of the 
cases occurred during the same two dec- 
ades. It is not from this particular age 
group, however, that appendicitis takes 


TABLE Ill 
AGE INCIDENCE AND MORTALITY—ALL CASES 


Mortality 
Years Total | Died 
184 8 
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its heaviest toll of life. Appendicitis 
proves most dangerous to the person 
beyond the age of 40 years. (Tables 111 
and tv.) The mortality peak in the series 


TABLE Iv 
AGE INCIDENCE AND MORTALITY—ALL CASES 


Mortality 


Total Per Cent 


Died 


Years 
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occurred in the group over 60 years 
where in thirty-five cases there were nine 
deaths, a mortality of 25.7 per cent. 
The youngest patient in this series was 
214 years old and the oldest 80 years. 


TABLE V 
SEX INCIDENCE AND MORTALITY ACUTE 


King—Acute Appendicitis 


Number} Died | Mortality 


429 28 6.5 
375 13 55 


Sex Incidence and Mortality. Most ap- 


pendicitis series report a majority of males 
over females. Krech’s survey in New 
York City showed a proportion of sixty- 
eight males to thirty-two females. The 


males in this series outnumbered the 
females in the proportion of fifty-three 
to forty-seven. 

More important than the sex morbidity, 
however, is the sex mortality. The mor- 
tality for the entire male series was 
6.5 per cent, as compared to a mortality 
of 3.5 per cent among the females. This 
difference of 3 per cent in mortality 
actually represents a 46 per cent greater 
mortality for males than for females. 
The factors underlying this sex variation 
in mortality are not clearly understood. 
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It seems that they must bear a relationship 
to the singular ability of the female 
peritoneum to localize peritonitis of lower 
abdominal origin. 


SEASONAL INCIDENCE 


oe 

cases | 2] &| &| e| & 
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CHART I. 


Seasonal Variation. There appears to 
be considerable variation in the seasonal 
incidence of acute appendicitis. The graph 
representing case incidence according to 
months in this series was fairly evenly 
sustained during most of the months of 
the year, but showed a sharp decline for 
the months of July and January. It is 
doubtful whether the ingestion of fruit 
during the late summer months has the 
importance in the causation of this condi- 
tion that has been attributed to it in the 
past. 

Use of Cathartics. Bower has _thor- 
oughly studied the importance of cathar- 
tics In acute appendicitis. It was very 
impressive to him that only one in sixty- 
four of the appendicitis patients who had 
not received a laxative died. On the other 
hand, of those who received one laxative, 
one in eighteen died, and of those who 
received two or more laxatives, one in 
eleven died. Moreover, in cases of spread- 
ing peritonitis, if a laxative had been 
administered the patient had only one 
chance in seven of getting better. 

Interesting data were obtained from 
the cases complicated by peritonitis during 
the final three years of the series, that is, 
from: 1934 through 1937. There were 160 
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cases of acute appendicitis with peri- 
tonitis. Ninety of these case histories 
contained no record of the use of cathartics 
or enemas prior to admission while seventy 
histories contained definite mention of 
one or both. In sixty-four cases the 
history was positive regarding cathartics 
and enemas. In only six was it negative. 
Thus in 40 per cent of the cases which 
developed peritonitis cathartics or enemas 
had been given. 

The thirty deaths which occurred during 
the same three years were likewise studied 
in order to determine whether cathartics 
or enemas had been given in those cases. 
The histories of sixteen of these cases 
contained no mention of the subject of 
cathartics or enemas. Among the remaining 
fourteen deaths, however, not one history 
failed to record the use of a cathartic or 
an enema. 

Although many of the histories in the 
series failed to mention whether cathartics 
or enemas had been used in treatment, 
nevertheless interesting data were ob- 
tained where definite mention of the 
subject was made. One hundred ninety-one 
histories contained definite mention re- 
garding the use of cathartics or enemas. 
This was positive in 147 cases. Among 
this group there were twelve deaths, or 
roughly one death in twelve cases. On 
the other hand, forty-four histories stated 
definitely that cathartics or enemas had 
not been used, and among those forty- 
four there was not a single death. Also, 
among 437 cases in which there was no 
definite record concerning the use of 
cathartics there were eighteen deaths, 
or one death for each twenty-four cases. 

Type of Incision and Drainage. Data 
were obtained from the last three years 
of the series chiefly because many of the 
operative records contained no definite 
mention of the type of incision used. There 
were 164 cases in which the right rectus 
incision was used. This group had eight 
deaths, a mortality of 4.9 per cent. There 
were 140 cases in which the McBurney 
incision was used. This group had six 
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deaths, for a slightly improved mortality 
of 4.3 per cent. In addition, 324 cases 
with no definite record of the incision 
used showed sixteen deaths, or a mortality 
of 4.9 per cent. 

Regarding the matter of drainage the 
records showed a definite trend toward 
less frequent drainage in acute appendicitis. 

Almost without exception, however, 
drainage was used in peritonitis cases. 
In three cases of localized peritonitis, 
not drained, drainage occurred through the 
incision. Also one patient with localized 
peritonitis which was not drained healed 
uneventfully. Cecal drainage was used 
in two cases of appendiceal abscess, with 
recovery in both cases. 

In the year 1929-1930 drainage was 
employed in eighty-one of 176 acute 
cases (46 per cent). In 1934-1935 the 
incidence was lowered to seventy-three 
of 188 cases (38.8 per cent). In 1935-1936 
it was further cut to sixty-five of 214 cases 
(30.3 per cent), and in 1936-1937 to 
fifty-eight of 226 cases (25.6 per cent). 
Thus in a period of seven years the inci- 
dence of drainage in acute appendicitis 
was reduced by 20.4 per cent, which 
represents an actual decrease of 44 per 
cent in its use. 

In all, 277 cases were drained. Of these 
216 were cases of peritonitis (only four 
peritonitis cases in the series were not 
drained) while sixty-one drained cases 
were uncomplicated by peritonitis at the 
time of operation. Analysis of the latter 
group reveals that in the year 1929-1930, 
twenty-two of 116 uncomplicated cases 
were drained; in 1934-1935, twenty-one 
of 132 were drained; in 1935-1936, fifteen 
of 164; and in 1936-1937 only eight of 
172. Thus the incidence of drainage in 
uncomplicated cases was 19 per cent the 
first year, 16 per cent the second year, 
Q per cent the third year and 4.6 per cent 
in the year 1936-1937. The incidence of 
drainage among uncomplicated cases there- 
fore has been reduced a total of 14.4 per 
cent which represents an actual decrease 
of 75 per cent in that procedure. 
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laxatives in abdominal pain; (2) delay 
in hospitalization. He found that the 
mortality rate of cases admitted to the 
hospitals forty-eight to seventy-two hours 
after the onset of the attack was prac- 
tically three times that of cases admitted 
within twenty-four hours. Where seventy- 
two hours or more had elapsed the death 
rate was four times that of the twenty- 
four-hour group. 

It is generally agreed that the mortality 
rate for patients operated on within the 
first twenty-four hours of the disease is 
very low. It should not exceed 1 to 1.5 per 
- cent. There is usually a moderate though 
definite increase in the rate during the 
second twenty-four hours. A marked 
increase in mortality occurs in the 
forty-eight to seventy-two-hour group. 
Following this there may be a gradual sub- 
sidence in mortality until, in the group 
showing symptoms for more than a week, 
the mortality may still be eight or ten times 
what it was for the first twenty-four 
hours of the disease. The cause of the 
frightful mortality increase which begins 
on the third day is of course the com- 
plication of peritonitis. 

Of 246 patients admitted with histories 
up to twenty-four hours in duration, 
three died, a mortality of 1.2 per cent. 
Among 118 cases with histories of twenty- 
four to forty-eight hours’ duration the 
mortality was 4.2 per cent. In forty-seven 
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Bower emphasized the 
importance of two factors in the mortality 
(1) the use of 
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cases of forty-eight to seventy-two hours’ 
duration the mortality was 17 per cent; 
in twenty-six cases of four days’ duration, 
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11.5 per cent; in twenty-six cases of five, 
six and seven days’ duration, 15.3 per 
cent; and in twenty cases of over one 
week’s duration, 10 per cent. 

The forty-seven cases in the group with 
histories of forty-eight to seventy-two 
hours’ duration showed eight deaths. This 
group, which comprised only 9.7 per cent of 
the series, accounted for 32 per cent of the 
deaths. The mortality for the group 
having histories under forty-eight hours’ 
duration was 2.2 per cent and for the 
group with histories over forty-eight hours, 
14.3 per cent. 

Comparison of the Four Years. The 
mortality rate for acute appendicitis in 
1929-1930 was 6.2 per cent. In 1934-1935, 
five years later, it was 4.2 per cent. In 
1935-1936 it was the same, but in the 
following year rose to 5.7 per cent. What 
appeared to be a definite improvement in 
mortality during the middle two years of 
the series was lost in the last year’s 
increased mortality. The reason lay in the 
unfortunate management of several diffi- 
cult cases which accounted in all for 
thirteen deaths among 226 cases. 

Among the uncomplicated acute cases 
there was one death in 116 cases (1929- 
1930); no death in 132 cases (1934-1935); 
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one death in 164 cases (1935-1936); and 
no death in 172 cases (1936-1937). The 
highest mortality for a single year was 
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under 1 per cent and the mortality for the 
total of 484 cases was only .34 per cent. 

The cases complicated by local peri- 
tonitis showed a mortality of 6 per cent 
In 1929-1930; 8.8 per cent in 1934-1935; 
3.6 per cent in 1934-1936; and the very 
high mortality of 10.8 per cent in 1936- 
1937. The four-year average for 132 cases 
was 7.57 per cent which is a fairly satis- 
factory figure for local peritonitis. 

Appendicitis with local abscess showed 
a mortality rate of 6.2 per cent in 1929- 
1930; 18.7 per cent in 1934-1935; 7.1 per 
cent in 1935-1936; and 30 per cent in 
1936-1937. The four-year average for 
fifty-six cases was 14.3 per cent, a mor- 
tality which is much too high for this 
type of case. 

The cases complicated by diffuse peri- 
tonitis had appalling mortalities. In 1929— 
1930 the mortality in this group was 
63.6 per cent, in 1934-1935 It was 33.3 per 
cent; in 1934-1936 75 per cent; and in 
1936-1937 85.7 per cent. The four-year 
average for thirty-two cases was 65.6 per 
cent, or roughly two deaths out of three 
cases, 


DISCUSSIONS OF DEATHS 


In 1929-1930 there were eleven deaths 
in the series of 176 acute cases. Five of 
the deaths in this group occurred in 
patients who on admission showed un- 
mistakable signs of a very severe infection, 
profound toxemia, rapid pulse, and varying 
degrees of abdominal distention. All five 
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died within forty-eight hours of operation. 
It seems fair to question whether it 
might not have been better in these cases 
to delay operation for perhaps twenty-four 
to forty-eight hours, with the hope that 
rest, fluids, and supportive measures (after 
the method of Ochsner) might be of help 
in localizing their peritonitis so that 
abdominal drainage might be performed 
more safely and with a better chance of 
recovery. Three in this group were 10 
years of age or under, when the peri- 
toneum and omentum are notoriously 
slow to localize spreading abdominal in- 
fection. Setting aside those three debatable 
cases, there are left two others which 
it appears were ideally suited for delayed 
treatment. One presented an overwhelming 
diffuse peritonitis, the other a questionable 
local, but probably highly toxic spreading 
peritonitis. 

In the 1934-1935 series of 188 cases 
there were eight deaths, two of which we 
have classified as catastrophes. Of the 
remaining six, two occurred in hemolytic 
streptococcus peritonitis. There was one 
case of appendiceal abscess of seven days’ 
duration in a 52 year old male, who died 
of general peritonitis ten days after drain- 
age of the abscess. 

Three cases are left, having histories © 
of forty-eight to seventy-two hours’ dura- 
tion. All died of general peritonitis follow- 
ing operation. Two of these were probably 
better suited to delayed than radical 
treatment; one was a 46 year old female 
whose pulse on admission was 120, who 
was very toxic and showed signs of spread- 
ing peritonitis. She was operated on soon 
after admission, and died of general 
peritonitis five days later. The other, a 
58 year old female, with a three day 
abdominal complaint, showed a profound 
toxemia on admission, and a pulse of 140, 
which was weak and thready. She was 
also operated on shortly after admission 
and died twenty-four hours later. 

In the 1935-1936 series of 214 acute 
cases there were nine deaths. One death 
occurred in a male of 60 years who had an 
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uncomplicated appendicitis. A 71 year 
old female with an appendiceal abscess 
of unknown duration died on the sixth 
postoperative day of generalized peri- 
tonitis. A 17 year old boy who had a 
localized retrocecal peritonitis died. fifty- 
three hours after operation of generalized 
peritonitis. A 73 year old male with a 
three-day history of illness and a gen- 
eralized peritonitis at operation, showed 
good progress until the twelfth post- 
operative day when he developed lobar 
pneumonia. Three children under 10 years 
of age were admitted with general peri- 
tonitis. There were two cases with gen- 
eralized peritonitis on admission which 
were probably better suited to delayed 
treatment: one, a 69 year old male with 
an abdominal history of forty-eight to 
seventy-two hours, was very toxic on 
admission and died fifty-frve hours post- 
operatively; the other, a 31 year old male 
with a history of twenty hours’ duration 
and showing signs of a very fulminating 
peritonitis, died thirteen and one-half 
hours after operation. 

In the 1936-1937 series of 226 acute 
cases there were thirteen deaths, one a 


catastrophe and two due to pneumonia. 


A 54 year old male having a history of 
nine days’ duration and a localized abscess 
at operation died of generalized peritonitis 
on his seventh postoperative day. 

A 51 year old male with a seven-day 
history and a retrocecal abscess died on 
his fifth postoperative day of a very 
extensive local necrosis and toxemia. 

A 62 year old male having a thirty-six- 
hour history of illness and a localized 
process at operation developed general 
peritonitis and died on his nineteenth 
postoperative day. A 5 year old male 
having a four-day history and a localized 
peritonitis (which was not drained, but 
which later broke down) developed a 
generalized peritonitis and died on his 
tenth postoperative day. 

There were four deaths in cases having 
general peritonitis on admission. Two 
patients were admitted with fulminating 
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and highly toxic spreading peritonitis, -- 
who would probably have been better 
suited to delayed treatment. One was a 
14 year old male having a twenty-four- 
hour history and who had had active - 
catharsis. He died five days after operation 
of a generalized peritonitis. The other 
was an I1 year old male having a history 
of two days’ duration who died thirteen 
hours postoperatively. 

In résumé, there were forty-one deaths, 
of which four were catastrophes. These 
comprised two cases of cerebral accident, 
one of ether convulsions, and one of 
rupture of the wound with eventration 
of the bowel. Of the remaining thirty- 
seven deaths, three resulted from post- 
operative pneumonias, three from general 
peritonitis of extremely virulent hemolytic 
streptotoccic origin, and one from sepsis 
and toxemia caused by a most extensive 
local retrocecal and wound necrosis. The 
remaining thirty patients died of gener- 
alized peritonitis. That surgical shock 
played a part in some of the deaths which 
occurred within forty-eight hours of opera- 
tion is doubtless true. The thirty deaths 
may again be subdivided into one acute 
uncomplicated case in which generalized 
peritonitis developed, four cases of ap- 
parently localized peritonitis which became 
generalized after operation, four cases of 
localized abscess in which the peritonitis 
became generalized after drainage of the 
abscess, and twenty-one cases of general- 
ized peritonitis in which infection con- 
tinued to be generalized until death. 

In terms of percentages the causes of 
death are: generalized peritonitis 80.5 per 
cent; localized peritonitis 2.4 per cent; 
other causes (pneumonia, catastrophes, 
etc.) 17.1 per cent. A recent figure from 
Bower’s series gives generalized peritonitis 
as the cause of death in 81 per cent of his 
cases. | 
It appears that there were at least 
eight cases which would probably have 
been better treated by the Ochsner régime. 
From the history and physical findings 
of a fulminating and rapidly spreading 
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peritonitis, as well as from the rapidity 
with which they died following surgery, 
these might very conceivably have had a 
better chance of surviving had a régime 
of rest, morphine and parenteral fluids 
been instituted until such a time as their 
peritoneal infection had become localized, 
or their general bodily resistance suffi- 
ciently raised to withstand operation. 
From this number are excluded those 
controversial cases from either extreme 
of life in which conservative practices 
are considered less rational since the 
peritoneum handles spreading infection 
poorly in the very young and old age 
groups. 


THE TREATMENT OF ACUTE PERITONITIS 


This series shows that among 220 cases 
complicated by peritonitis there were 
thirty-nine deaths. Any surgical disease 
whose operative mortality is 17.7 per cent 
certainly is worthy of careful consideration. 

Catharsis is a factor which has a pro- 
found effect upon mortality in peritonitis 
cases. Bower has recently shown that the 
laxative-induced spreading peritonitis is 
a distinct entity, more virulent and more 
fatal than the operative-induced type. 
Of considerable importance is the technique 
of the operative procedure. The McBurney 
incision or one of its modifications is 
employed, and a simple, quick manipula- 
tion performed within the peritoneal 
cavity. Appendectomy should be carried 
out if the organ is easily accessible, other- 
wise simple drainage of the abdominal 
cavity. 

Utmost care and judgment in maintain- 
ing proper fluid and electrolyte balance 
is the key to good postoperative manage- 
ment. Some favor bacterial lysates, gas 
antitoxin and whole blood as adjuvants 
in treatment. 

The question of the advisability either 
of immediate operation or of temporary 
delay enters into the management of every 
case, complicated by peritonitis. The weight 
of surgical opinion favors operation and 
removal of the early ruptured appendix 
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provided that removal does not necessitate 
the breaking down of a localizing process. 
It is not good surgery to try to treat 
peritonitis by the clock, but in a general 
way it might be stated that the Ochsner 
treatment should be reserved for cases of 
ruptured appendicitis in which the process 
has existed for at least thirty-six to 
forty-eight hours, and in which definite 
signs of a very virulent and spreading 
infection are present, as evidenced by 
intoxication, rapid pulse and abdominal 
distention. 

There is perhaps too great a tendency 
on the part of surgeons to make the treat- 
ment of appendiceal abscess an emergency. 
General peritoneal contamination follow- 
ing a premature drainage is the chief 
danger. This can be obviated in some 
cases by extraperitoneal drainage, or by 
packing with gauze either to the region of 
the abscess, or to the parietal peritoneum 
and waiting for adhesions to form before 
opening into the abscess. Serious con- 
sideration of the subject of appendiceal 
abscess is justifiable when we realize that 
in this series fifty-six cases of local abscess 
showed eight deaths for a mortality of 
14.28 per cent. This mortality is high | 
indeed for a condition which nature herself 
could probably treat with better success if 
left strictly to her own resources. 

Bacteriophage. In a previous paper, 
the literature on the subject of bacterio- 
phage in the treatment of peritonitis 
was reviewed and our results with a phage 
called cololysate (Lilly) were reported. 
The conclusions reached at that time 
were that in a small though representative 
series of complicated cases a definite 
reduction in mortality occurred among the 
cases treated with bacteriophage. 

At the present time more complete 
figures are available covering the results 
with bacteriophage in a somewhat larger 
series. Bacteriophage was used, during 
the last three years of the foregoing series, 
in a total of nineteen cases. There were 
nine cases of local peritonitis with no 


death; 4 cases of localized abscess with no 
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death; and six cases of diffuse peritonitis 
with three deaths. The mortality for the 
entire group was 15.8 per cent. A parallel 
control group of 160 cases of peritonitis 
in which bacteriophage was not used 
showed a mortality of 18.1 per cent. This 
difference in mortality of 2.3 per cent in 
favor of the bacteriophage group repre- 
sents an actual difference of 12.7 per cent 
in the mortality rate. Moreover it is only 
fair to state that in the control series the 
proportion of general peritonitis (which 
showed by far the highest mortality) to 
local peritonitis is 1:7.5, in the bacterio- 
phage series it was 1:1.5. 

Although they do not properly belong 
among the foregoing series, nine additional 
cases of peritonitis from ruptured appendix 
have been treated with bacteriophage 
since the conclusion of the present series. 
They comprise five cases of local peri- 
tonitis with no death; two cases of local 
abscess with no death; and two cases of 
general peritonitis with one death. Com- 
bining the data of these two groups we 
arrive at a total of twenty-eight cases of 
peritonitis treated with bacteriophage, 
having four deaths, a mortality rate of 
14.3 per cent. The ratio of general to 
local peritonitis is 1:1.75 as compared to 
the ratio of 1:3.5 in the general series. 

This final mortality rate of 14.3 per 
cent compares very favorably with that of 
18.1 per cent for the control series men- 
tioned above; as well as with the mortality 
rate of 17.7 per cent for the entire com- 
plicated group in the foregoing series. 
A more general use of this agent should 
provide in time a larger series of cases, 
which will permit of a more scientific 
evaluation of its worth. 


CONCLUSION 


Certain conclusions may be drawn from 
this mass of information. 

1. Despite the fact that statistics of 
appendicitis mortality which are available 
from broad surveys by insurance companies 
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and from the United States Bureau of 
Census, reveal that there has been a very 
definite downward trend in that mor- 
tality in the course of the past ten years, 
the results of this series fail to show that a 
comparable improvement has taken place 
at this hospital. This is true despite the 
fact that the incidence of early, and 
therefore, more favorable cases has been 

steadily increasing. 

2. The mortality rate among the cases 
complicated by peritonitis has failed to 
improve. 

3. Acute uncomplicated appendicitis has 
shown a mortality rate of .34 per cent for a 
period of four years—a figure which is 
not only extremely creditable, but prob- 
ably almost irreducible. 

4. Appendiceal abscess has a mortality 
rate of 14.3 per cent which is entirely 
too high. 

5. A short but representative experience 
with bacteriophage in the treatment of 
ruptured appendicitis indicates that it 
may be a valuable adjunct in the treat- 
ment of these difficult cases. 

6. Improvement in appendicitis mor- 
tality which is, in effect, improvement in 
peritonitis mortality calls for a revision 
of our present methods of treatment and 
the introduction of such new features 
as have been tried and proved superior. 

7. The key to a lowering of the mor- 
tality from appendicitis lies in redncing 
the incidence of peritonitis. 
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FASCIAL PLASTIC OPERATION FOR THE RESTORATION 
OF THE ULNAR COLLATERAL LIGAMENT OF THE 
ELBOW IN MARKED LATERAL INSTABILITY OF 
THE JOINT AFTER ITS RESECTION* 


MiIcHAEL S. BURMAN, M.D. 


NEW YORK CITY 


HE principle of reinforcing [ax liga- 

ments or creating new ligaments by 

fascial strips is well known. The 
operative correction of severe lateral in- 
stability of the elbow joint is an uncommon 
experience in the reconstructive surgery of 
this joint. 


CASE REPORT 


The patient, a colored woman of 38 years, 
received a charge of buckshot in the left elbow 
in 1922. She was operated on at once and a 
plaster of Paris cast applied for four weeks. 
Infection followed and two other operations 
were done for the relief of the infection, the 
last one in 1924. The exact nature of these 
operations is not known but it is known that a 
resection of the elbow was done at one of these 
operative periods by a study of the roentgen- 
ograms of the elbow. 

The patient is a laundress. She has always 
favored the left elbow because of its instability 
and its lack of strength. She has been unable to 
carry heavy weights with the left hand. She, 
herself, noted that the left forearm would 
swing away from the side of the body when 
she did so. There was usually no pain in the 
elbow. The fourth and fifth fingers of the 
left hand were numb at times. 

She entered the clinic because of the dis- 
ability of the left elbow and also because of 
severe pain which had recently developed on 
the inner side of the right elbow. 

There was tenderness over the internal 
epicondyle of the right elbow due to an epi- 
condylitis of the right elbow as a consequence 
of strain overuse of the joint. 


The major disability of the left elbow was its 
abnormal valgus of about 50 degrees. This 
defect in lateral stability was brought out best 
on passive abduction of the extended forearm, 
the arm being steadied. The right forearm could 
be brought into a valgus position of about 10 to 
15 degrees when this same maneuver was car- 
ried out. As the left forearm was carried into 
valgus, an abnormal clicking was felt and 
heard on the inner side of the elbow joint, as if 
subluxation of one bone on another were taking 
place. This occurred particularly in the first 
20 degrees of valgus. If valgus position was 
passively increased beyond this point, the 
patient had severe pain on the inner side of 
the elbow due to the abnormal stretching of the 
ulnar nerve. The abnormal position in valgus 
of the forearm took place only in supination 
and extension of the forearm. She rarely 
allowed the valgus position of the elbow joint 
to exceed 25 degrees actively. Extension of the 
elbow was weak and limited to 140 degrees by 
action of gravity and the weak contraction of 
the atrophic triceps muscle. Flexion was weak 
and did not surpass 25 degrees from the position 
of extension. Both pronation and supination 
were limited. This movement in rotation did 
not take place in the upper radio-ulnar joint 
since this joint had been destroyed, but rather 
in the elbow joint itself. There was no cubitus 
varus deformity and the extended forearm 
could only be brought to the neutral position. 
The bony configuration of the elbow joint was 
abnormal. The humerus was displaced poste- 
riorly at its distal end and formed a rounded 
posterior bony eminence which simulated an 
olecranon process. The olecranon itself was 
absent. 


* From the Hospital for Joint Diseases, Service of Dr. Leo Mayer. 
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There were two longitudinal scars anteriorly 
and one posteriorly, all placed so that the 
joint was at their center. 

An incomplete ulnar nerve palsy was present. 
Sensation was usually normal in the fourth 
and fifth fingers but sometimes hyperesthetic. 
The intrinsic muscles supplied by the ulnar 
nerve were paralyzed. There was complete 
paralysis of the adductor muscles of the thumb, 
including the first dorsal interosseous muscle. 
Adduction of the thumb was accomplished by 
the action of the long extensor of the thumb. 
The fourth and fifth fingers were flexed at the 
interphalangeal joints and extended at the 
metacarpophalangeal joints. A certain degree 
of contracture existed in the metacarpophalan- 
geal joints which limited flexion of these joints. 

The roentgenogram of the right elbow was 
negative. The left elbow showed an old resec- 
tion of the distal end of the humerus and of the 
proximal ends of the radius and ulna. The 
humerus was placed posteriorly and there was 
an anterior concavity in that bone into which 
the upper end of the ulna fitted. An anterior 
displacement of the two bones of the forearm 
existed. The bones showed reactive productive 
bony changes. Numerous round opaque bodies, 
smaller than a pea, were noted in the soft 
tissues about the joint, especially anteriorly. 
These were the shadows of the buckshot. 

The operative problem was the restoration 
of lateral stability to the elbow joint. A fascial 
plastic operation which aimed to restore the 
ulnar collateral ligament was decided upon. 
The intent was to duplicate the natural forma- 
tion of the ligament. This ligament begins at 
the medial epicondyle of the humerus and 
inserts from the medial part of the olecranon 
process to the medial part of the coronoid 
process. It consists of a stronger, thicker, 
triangular, anterior part and a weaker, poste- 
rior part. A transverse band joins these two 
inferiorly, bridging the notch between the 
olecranon process and the coronoid process. 

The operation was done on September 23, 
1936 under general anesthesia. A 6 inch longi- 
tudinal incision was made on the inner side of 
the elbow, extending about 114 inches down 
on the forearm. The anteriorly displaced ulnar 
nerve was found easily beneath the deep 
fascia. It was isolated for about 4 inches on the 
arm. The flexor muscle mass was replaced by 
a dense white scar tissue which was split and 
the ulnar nerve traced through it to the fore- 


Burman—UlInar Ligament 


American Journal of Surgery I 13 
arm. This was done with some difficulty since 
the nerve was adherent to the scar tissue. 
Its surface was broadened, ragged and irregu- 


Fic. 1. Lateral roentgenogram of the left elbow 
joint. The humerus is displaced posteriorly 
and the bones of the forearm anteriorly. The 
shadows of buckshot are noted. 


lar. The nerve was dead white in color, more 
opaque than normal. Neurolysis of the nerve 
was done at its point of passage through the 
scar tissue. The nerve was placed more 
anteriorly. 

The lower end of the humerus and the upper 
end of the ulna were now exposed by an incision 
through the deep fascia. The humerus was 
displaced posteriorly. Each bone was well 
exposed by subperiosteal dissection. The joint 
itself was not opened. A drill hole was passed 
through the humerus from before backwards. 
A Y-shaped drill hole was made in the upper 
end of the ulna, the short stem of the Y being 
placed radially and horizontally. A ribbon-like 
strip of fascia lata, 7 inches long and 14 to 34 
inch wide was stripped of fat and one end 
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tapered so that it could be passed through of Paris cast applied, holding the forearm in 


the humeral drill hole. It was carried through 
this hole by means of a loop of chromic catgut, 


ULNA 


A 


extension and in as much varus as possible, 
that is, the neutral position. 


HUMERUS 


ULNA 


Cc 


Fic. 2. The steps of the fascial plastic operation; a, the long strip of fascia was split 


longitudinally after it was passed through 


a drill hole in the humerus from before back- 


ward and sutured to itself. B, the passage of the radial shaded half of the split fascia 
through the y-shaped drill channel in the ulna is indicated. The arrows indicate how the 
four-ply ligament was formed. c, the ulnar half of the split fascia forms a two-ply 
ligament. The reconstructed ligament is thus six-ply. 


the direction of passage being from before 
backward. It was then sutured to itself ante- 
riorly by chromic catgut. The strip of fascia 
was now split longitudinally for a distance of 
6 inches, the point of splitting being joined by a 
single chromic catgut suture to prevent ravel- 
ing or further separation. The radial part of 
the split fascial strip was now carried through 
the Y-shaped drill hole in the ulna, the direc- 
tion of passage being from proximal to distal 
in the superior limb of the Y and then radial 
to ulnar in the inferior transverse limb of the 
Y. This fascia was then sutured under tension 
to the fascia on the lower end of the humerus, 
the forearm being held in extension and neutral 
as regards varus or valgus. This reinforcement 
was not strong enough to prevent lateral 

instability of the elbow on passive manipula- 
tion. Therefore, the radial strip was brought 

down to the ulna again and sutured there under 

tension. This made a three ply ligament of the 

radial half of the fascial strip. The ulnar part 

of the fascial strip was sutured to the ulna 

and then brought back to the humerus and 

anchored there. The remaining small stump of 

the radial strip was fastened transversely to 
the humerus and ulna. This six ply ligament 

now effectually prevented valgus movement of 
the elbow. The wound was closed and a plaster 


The postoperative course was uneventful. 
The plaster was bivalved on November 12, 
1936. The wound had healed by primary in- 
tention, but at a site removed from the opera- 
tive field, in the transverse crease of skin 
beneath the prominent lower end of the 
humerus, a small sinus formed, which, on 
probing, led to an area of raw bone at the site 
of the drill hole in the humerus. The sinus was 
injected with a radio-opaque solution which, 
on anteroposterior and lateral roentgenograms 
of the joint, seemed to go to the drill holes in 
the humerus and ulna. Discharge from the 
sinus was always scanty. The sinus was fre- 
quently cauterized and injected with lipiodol. 
It closed spontaneously later. 

On August 31, 1937, the elbow joint showed 
good stability so that the forearm could not be 
brought into a valgus position of more than 15 
degrees passively, when the arm was held 
steady and the forearm abducted with strong 
force. There was still some pain on the inner 
side of the elbow due to stretching of the ulnar 
nerve. The arm was usually held at 150 degrees 
of extension and flexion was possible to 100 
degrees. A brace which is articulated at the 
elbow protects the joint against undue strain. 
The elbow was stronger and the patient was 
able to carry a heavy pitcher of water or a pail 
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half full of water. The ulnar nerve lesion was 
unaltered. There was, however, some improve- 
ment in the ability to extend the end two 
phalanges of the fourth and fifth fingers. 

Similar findings were noted at the last ex- 
amination on May 18, 1939. The elbow was 
strong and useful. The brace was no longer 
worn. 


SUMMARY 


The case of a patient with a severe 
lateral instability of the left elbow is 
described, together with an _ operative 
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procedure to correct the instability in 
valgus. This was accomplished by means 
of a fascial strip so placed that it was made 
to duplicate the ulnar collateral ligament. 
The operation was indicated because the 
excess valgus of the elbow had given rise to 
a partial ulnar nerve palsy and to a strain 
epicondylitis of the right elbow. The elbow 
joint showed gross deformation after its 
ancient resection (fourteen years before) 
and its infection. The elbow is now stable 
and stronger and the patient able to carry 
weights. 


Tue difference between a clean wound which heals by primary union 
and an infected wound with suppuration, is the difference between days 


and weeks of economic loss. 


From—“‘Surgery of the Hand” by Couch University of Toronto Press). 
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UNUSUAL CASE OF 


H. B. ELxins, 
Attending Obstetrician, Steptoe Valley Hospital 


EAST ELY, NEVADA 


HIS case is reported on account of the 
unusual findings of a twin pregnancy 
in which the uterine aborted and the 


Fic. 1. Placenta intact. 


tubal ruptured, with the fetus developing 
in the abdomen to die at term. 


Mrs. E. V., age 38, white, was referred to 
the Steptoe Valley Hospital April 18, 1937 
with a diagnosis of acute appendicitis. That 
morning, while using a bedpan, she had become 
nauseated and vomited. Severe abdominal pain 
had increased during the day. Three weeks 
prior to admission she had had several fainting 
spells with nausea, vomiting and general 
abdominal pains. A week later the patient had 
miscarried and her attending physician stated 
that the fetus and membranes came away in- 
tact, with a period of gestation, estimated at 
two months. Her past history was unimportant 
except that she had suffered several attacks of 
upper right quadrant pain which had been 
diagnosed as gall-bladder disease. Her men- 
strual history was normal and there had been 
no previous pregnancies. 

Examination showed a very obese female 
weighing 236 pounds, retching constantly. 
Temperature was 97.4, pulse 120, full and 
regular, blood pressure 122/80, respirations 38, 
grunting and shallow. The abdomen was 
markedly distended in the upper portion; no 
masses were palpable, but there was general- 
ized tenderness. 


AND 


TWIN PREGNANCIES 


R. A. BowD Lez, M.D., F.A.C.S. 
Chief Surgeon, Steptoe Valley Hospital 


Vaginal examination showed an introitus 
readily admitting two fingers. The cervix was 
large and soft, the uterus enlarged to twice its 


normal size, movable but tender. No masses 
were palpable, but there was moderate tender- 
ness over the left tube and slight Ieucorrhea. 

The urine was negative. The white blood 
count was 13,300 with 83 per cent polymorpho- 
nuclears. Other physical findings were essen- 
tially negative. 

Under expectant treatment the patient fully 
recovered and was discharged from the Hos- 
pital May 1. 

On August 8 she reported at the prenatal 
clinic, and a diagnosis of a seven months’ preg- 
nancy was made. There were no abnormal 
findings at this time. The patient reported 
regularly until she entered the hospital October 
I, apparently in active labor. The fetal heart 
sounds were strong, rate 140. There was a 
vertex presentation, but the cervix was not 
dilated. The following day the pains had sub- 
sided and no fetal heart could be heard nor any 
fetal movement detected. Medical induction 
was tried unsuccessfully. X-ray showed a term 
pregnancy with vertex presenting. Vaginal 
examination showed the presenting part soft 
and high with no cervical dilatation. There was 
a slight bloody discharge. The patient was 
discharged from the hospital in excellent con- 
dition with a diagnosis of abdominal pregnancy 
with fetal death. 
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On January 4, 1938, February 1, and March 6, 
the patient had normal menstrual periods Iast- 
ing four days. Her general health was excellent. 
She was referred to Dr. Alice F. Maxwell 
who confirmed the diagnosis and advised a 
laparotomy. 

On April 18, the patient entered Steptoe 
Valley Hospital. Under spinal anesthesia a 
laparotomy was performed and a full term 
dead female fetus weighing 644 pounds was 
found lying in the abdominal cavity. A few 
flimsy adhesions were separated between the 
fetus and the intestines. The fetus was macer- 
ated, deformed and the head partly collapsed. 
The placenta was large and sclerotic, with the 
left tube and ovary incorporated in it. The 
entire mass was firmly attached to the left 
pelvic wall. It was separated with only slight 
bleeding and was removed along with the left 
tube and ovary. A small fibroid on the anterior 
wall of the uterus was excised. The abdominal 
incision was closed in layers with two Penrose 
drains placed at the site of placental attach- 
ment. The patient made an uneventful recov- 
ery and was discharged from the hospital 
May 8. About three months later she reported 
for examination and a small hernia was found 
at the site of the drainage tubes. Her menstrual 
periods had been regular and her health better 
than for years previous. 


CONCLUSIONS 
It would seem that a diagnosis of an 


abdominal pregnancy should have been 
definitely made at an earlier date. The 
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thickness of the patient’s abdominal wall, 
together with the confirmed miscarriage 
at two months, made the condition con- 


Fic. 2. Fetus removed from abdomen. 


fusing. We believe that the illness in 
April 1937 was due to the rupture of a left 
tubal pregnancy. With the death of the 
fetus and the patient in such good physical 
condition there seemed no indication for 
early surgical interference. The policy of 


‘conservatism was indicated in the hope 


that the placental site would either calcify 
or sclerose and the chance of severe hemor- 
rhage at operation would thereby be 
lessened. This was borne out by the opera- 
tive findings and the subsequent unevent- 
ful recovery of the patient. 
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SUBCUTANEOUS RUPTURE OF THE STOMACH FOLLOWED 
BY A GASTRIC FISTULA 


L. KrAEER FERGUSON, M.D. 


H. m.p. 


Assistant Surgeon, University of Pennsylvania 
and Philadelphia General Hospitals 


AND 


Surgeon, Philadelphia General Hospital 


PHILADELPHIA, PENNSYLVANIA 


UBCUTANEOUS rupture of the stom- 
ach, as here presented, is independent 
of any preéxisting pathologic lesion, 

such as ulcer or carcinoma, and unasso- 
ciated with penetrating wounds of the 
abdominal wall. This type of rupture may 
be traumatic or spontaneous, the latter 
being by far the less frequent in occurrence. 

Petry,®> in 1896, collected 219 cases of 
rupture of the gastrointestinal tract with 
only twenty-one cases of ruptured stomach. 
Sherren® reported 220 cases of abdominal 
contusion at the London Hospital with only 
frve cases of ruptured stomach. Wolf,” in 
an excellent though not complete review of 
the literature in 1936, was able to collect 
sixty-eight cases to which he added one of 
his own. Of this number only nineteen 
recovered. 

The anatomic position of the stomach 
protects it from injury and this probably 
accounts for the low incidence of rupture in 
abdominal contusions. Glassman* states 
that rupture, when it does occur, is most 
frequent at the pyloric end, which is the 
most exposed portion of the stomach. 

The trauma necessary to produce rup- 
ture may be very severe, such as being run 
over by a truck, or very mild, such as in a 
child reported by Rodonachi’ who simply 
caught her toe, fell and was able to walk 
one mile back to her home. In fact, as 
noted previously, rupture may occur with- 
out any trauma and such a case was re- 
ported by Gill? in 1917, being one of the 
seventeen reported in the literature. 

The symptoms are usually those of 
shock, perforation and internal hemor- 
rhage, and depend somewhat upon how 
long after the accident the patient is seen. 
Rehn® emphasized the value of hema- 


temesis as a diagnostic sign but in many 
cases reported in the literature, as in our 
case, this did not occur. 

Treatment is immediate surgery as soon 
as possible after initial reaction from 
trauma. Just* emphasizes the importance 
of a thorough exploration of the peritoneal 
cavity in order to rule out the possibility of 
some other complication. Quite frequently 
rupture of the stomach is accompanied by 
rupture of the liver, spleen or duodenum 
and, occasionally, contusion of the pancreas. 


CASE REPORT 


M. R., colored female, age 37, was assaulted 
by a “boy friend” at about 8 p.m. on May 26, 
1937. He demanded that she give him the $5.00 
which she had for her rent. She refused. Her 
irate friend pulled a wooden strip from a door 
facing and struck her across her left wrist 
leaving a “‘knot” (which was present on admis- 
sion). She was then struck to the floor by a fist 
blow to the sternum. She struck no object in 
falling and was not unconscious. While she was 
lying on the floor, her assailant kicked her in 
the abdomen and left side, and beat her with 
the wooden club. Friends who lived in the same 
building told the patient they heard the beating 
continue until she gradually lost consciousness, 
as evidenced by cessation of screams and moans. 
She did not regain consciousness until 4 A.M. 
In the interval she had been moved to her 
daughter’s home by the police. 

She was attended by a physician who pre- 
scribed medicines, which afforded her some 
relief for about a week. She then began to have 
pain in her left side, which gradually became 
very severe. This was localized in the left upper 
quadrant, left flank and kidney region, and did 
not radiate. The pain was intermittent, de- 
scribed as “‘misery” and made her feel like 
rolling around on the floor. Vomiting occurred 
several times each day; only water and soup 
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could be retained. The vomitus consisted of derness in the left loin and flank. The liver and 
undigested food and bile but never blood. spleen were not palpable; kidneys not palpated. 
Vomiting afforded relief from the “misery” for There was no other abdominal tenderness or 


Fic. 1. Anteroposterior view showing sodium 
iodide outlining the stomach with a drainage 
tube apparently near the cardiac end of 
stomach. 


a short time. The pain finally became suffi- 
ciently severe to cause the patient to come to 
the Philadelphia General Hospital on June 20, 
1937, approximately four weeks after injury. 

Specific inquiry at this time failed to reveal 
any history of indigestion prior to injury. 
Bowel movements had been regular, dark or 
light brown in color. There was no history of 
bright or dark blood in the fecal material. 
There had been no urinary frequency, dysuria 
or hematuria. In fact, in a systemic review, no 
further symptoms were elicited except pain, 
since injury, in the left lower chest on deep 
respiration. 

The patient was well-developed but de- 
hydrated, and appeared acutely ill. Her respira- 
tory rate was alternately rapid and normal, 
apparently somewhat influenced by emotion. 
On admission, her temperature was 99, pulse 
100, respiration 28 and blood pressure 120/90. 
The positive physical findings were faint 
ecchymosis over the left loin and marked ten- 


Fic. 2. Lateral view after injection of sinus 
with sodium iodide solution. The drainage 
tube is shown fixed by safety pin. The iodide 
solution outlines the stomach, duodenal 
cap and descending part of duodenum. 


rigidity, and peristalsis was present. As noted 
in the history, there was a nodular deformity 
over the lower left ulna. 

Laboratory Findings. A flat plate of the 
abdomen showed no abnormalities. An intra- 
venous urogram was also negative. A roent- 
genogram of the left ulna confirmed a diagnosis 
of fracture with fragments in good position 
and with considerable callus present. 

On admission, the red blood cells numbered 
3,580,000, the white cells 29,000, of which 
88 per cent were polys, 10 per cent lympho- 
cytes and 2 per cent transitionals. Hemoglobin 
was 65 per cent. The urine, except for a trace 
of albumin, was essentially negative. 

The clinical impression at this time was an 
infected hematoma in the retroperitoneal space, 
possibly arising from a ruptured kidney. There- 
fore, on June 22 (two days after admission), a 
large aspirating needle was inserted in the 
midaxillary line at the level of the twelfth rib 
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over the area of maximum tenderness. Reddish 
brown pus with a distinct colon odor was ob- 
tained. Culture taken at this time showed no 
growth under aerobic or anaerobic condition, 
though the smear showed Gram-positive cocci. 
Using the needle as a guide, a large abscess 
cavity was entered, containing fully a quart of 
foul-smelling sanguinous pus. In enlarging 
the incision, the pleura was inadvertently 
nicked. This was immediately packed off. One 
large rubber tube, three Penrose drains and 
three pieces of iodoform packing were employed 
as drainage. 

Following operation, the patient’s temper- 
ature fell from 103 to normal, and remained 
subnormal for several days. Except for physical 
signs of a small pneumothorax, no complica- 
tions resulted from opening of the pleura. How- 
ever, her pulse was weak and rapid and she did 
not seem to recover as rapidly as one might 
expect after drainage of a simple hematoma. 
All drains, except one rubber tube were re- 
moved by the seventh day. The patient con- 
tinued to drain large amounts of greenish 
fluid, the amount varying from day to day. 
No notation was made of any food particles in 
the drainage. Because of persistent draining, 
the sinus was injected one month after opera- 
tion with sodium iodide solution. We weresur- 
prised to learn that the iodide solution outlined 
the stomach and duodenum. After this x-ray 
demonstration of the relation of the sinus to 
the stomach, the intern remembered the patient 
had stated on one occasion that she could taste 
the Dakin’s solution with which he irrigated 
the cavity. Since he did not consider this possi- 
ble, he had not mentioned it to anyone. 

The tube was withdrawn, drainage promptly 
became less and the wound started to close 
rapidly. A gastrointestinal series taken one 
week after removal of the tube failed to show 
any defect and the stomach was reported as 
normal. The patient was discharged on July 
31, 1937, eleven days after the establishment of 


the diagnosis, with the wound partially closed. 
It healed completely without any further 
complications and the patient gained weight 
and was in perfect health in April, 1938. 


DISCUSSION 


We believe this patient had a rupture of 
the posterior stomach wall with the forma- 
tion of a walled-off abscess in the lesser 
peritoneal sac. One might possibly consider 
that the original injury was simply a con- 
tusion with the formation of a hematoma 
which later became infected and eroded 
into the stomach. However, one would 
hardly expect as rapid nor as complete 
healing, without x-ray evidence, of any 
defect in this type of perforation. Rose® 
reports a somewhat similar case except 
that this patient was drained through the 
gastrocolic omentum two weeks after 
injury. Ettmuller! reported two cases of 
gastric fistulae developing after trauma, 
which healed spontaneously. The fact that 
gastric fistulae tend to heal spontaneously 
unless proximal to a point of obstruction is 
shown by our case as well as by the 
above-mentioned three cases. The value 
of investigating a draining sinus by the 
injection of an opaque medium is also 
emphasized by this case. 
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HODGKIN'S DISEASE OF THE INTESTINE PRODUCING 
INTESTINAL OBSTRUCTION 


Cuarzes C. SPANGLER, M.D. 


Late Surgeon, York Hospital 


YORK, PENNSYLVANIA 


HE outstanding feature of the present 

day conception of Hodgkin’s disease 

is the histopathology of the affected 
nodes, upon which alone a positive diag- 
nosis—in the light of current knowledge— 
can be made. Whether the exciting cause 
of the entity is an infectious granuloma or 
a malignant neoplasm is still unknown. A 
historical review of the entity may be 
conveniently divided into two periods, the 
first embracing the years 1832 to 1898, the 
second extending from the latter year until 
the present time. The first period began 
with the publication of Hodgkin’s work 
1832 and despite the abundant literature of 
this period, we may say that but little 
progress was made toward the obtaining of 
data which today, we consider essential 
to a proper appreciation of the condition. 
Bonfils (1856) spoke of it as a cachexia 
without leucemic changes. Virchow (1865) 
allied it with the lymphosarcomata. Cohn- 
heim called it pseudoleucemia (lymph- 
adenoma without leucemic changes). The 
majority of the early observers. regarded it 
as some form of malignancy as is evidenced 
by Billroth (1869) who called it malignant 
lymphoma; Langhans (1872) malignant 
lymphosarcoma; Schultz (1874) reticulated 
desmoid carcinoma; Orth (1887) malignant 
Iymphadenoma; and Langebeck called it 
gland sarcoma. 

The second historical period, correspond- 
ing to the present century, comprises the 
greater part of the research which has given 
us a definite histopathologic picture of the 
disease. Briefly we have learned that 
pseudoleucemia is not a scientifically ap- 
propriate name for Hodgkin’s disease, and 
that the large group of generalized lymph 
node enlargements can be divided into 
three distinct groups; the granulomata 


which include Hodgkin’s disease, tuber- 
culosis and syphilis, the true neoplasms, 
which are chiefly of a sarcomatous nature, 
and the leucemias. The sometimes used 
interchangeable terminology of pseudo- 
leucemia and Hodgkin’s disease is errone- 
ous, because Hodgkin’s disease is a true 
leucemia. Even today although the pendu- 
lum of opinion has swung strongly and 
generally toward emphasizing the infectious 
character of the disease, it seems apparent 
that the process has many of the earmarks 
of malignancy. 

Hodgkin’s disease of the gastrointestinal 
tract is a rare entity. Up until 1930 
the literature disclosed only twenty-eight 
cases; of these, sixteen patients were 
operated upon and in the remaining cases 
the disease was not revealed before nec- 
ropsy. Reported isolated involvement of 
the gastrointestinal tract has been observed 
only eight times. Bunting has said that of 
all the forms of Hodgkin’s disease those of 
primary involvement in the abdomen are 
most obscure. It is said that the immunity 
of the gastrointestinal tract to Hodgkin’s 
infiltration was formerly used as a criterion 
to differentiate this disease from lympho- 
sarcoma. Hodgkin’s disease may involve 
any portion of the gastrointestinal tract 
though the small bowel is most fre- 
quently involved and the esophagus least 
frequently. 

There is a striking similarity of the gross 
and microscopic findings in gastrointestinal 
Hodgkin’s disease and lymphosarcoma. 
Clinically very few diagnosis have been 
made. This is due to several factors. 
Probably the greatest obstacle to clinical 
diagnosis is the lack of any positive physi- 
cal findings, which together with the 
indefinite and multiple symptoms and 
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the rarity of the disease makes clinical 
diagnosis almost impossible. It may simu- 
Jate a number of acute and chronic condi- 
tions as tubercular peritonitis, typhoid 
fever, lymphosarcoma of the retroperi- 
toneal glands and the splenomegalies, 
particularly leucemia and splenic anemia 
and occasionally from splenomegaly of the 
Gaucher type, Banti’s disease and von 
Jaksch’s anemia. Hodgkin’s disease involv- 
ing the gastrointestinal tract differs from 
the hyperplastic type of tuberculosis in 
that it tends to occur in the upper portion 
of the small intestines while tuberculosis 
affects primarily the lower ileum and 
cecum. Ulceration and perforation with 
resulting peritonitis occasionally occurs 
and the lesions are usually multiple, though 
rare instances of single lesions have been 
reported. In contradistinction to the gen- 
eral disease, the spleen and liver are usually 
not enlarged, though there seems to be a 
variance in these reports. The retroperi- 
toneal and mesenteric lymph nodes are 
usually enlarged. The liver is much less 
frequently involved than the spleen and 
this fact suggests that the disease may be 
primarily in the spleen. Complications such 
as perforation, hemorrhage and intussus- 
ception may occur. 

The age of greatest incidence in gastro- 
intestinal Hodgkin’s disease corresponds 
about to that of the disease in general. It 
occurs during the fourth and fifth decades 
of life, more commonly in males than 
females. The onset is insidious. Later the 
symptoms may be abdominal pain, diar- 
rhea, cachexia, anorexia, night sweats, 
ascites, pain in the legs, lassitude, jaundice, 
pruritus, constipation, anemia and fever 
of the intermittent type. The patient may, 
however, run an afebrile course. 

There is nothing in an occasional blood 
picture, but an average based on repeated 
blood examinations reveals a fairly definite 
picture as reported by Bunting, Yates and 
others that there occurs first an early 
lymphocytosis, giving way to a polymor- 
phonuclear leucocytosis, and an increase 
in the transitional cells and blood platelets. 
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The latter two are the most significant 
findings. The literature seems to indicate 
that the prognosis in Hodgkin’s disease is 
hopeless. 

The only treatment that has proved of 
any value is radiotherapy, the benefit of 
which is usually most noticeable in the 
early cases, especially those in which the 
glands have not yet become fibrous. 


CASE REPORT 


The patient, a boy 11 years of age, was 
admitted to the York Hospital January 16, 
1937, complaining of general abdominal pain, 
slight abdominal distention and vomiting. 
After three hours the pain became more local- 
ized in the right hypogastrium. His temperature 
was 99 and his pulse rate 100. Except for slight 
constipation the patient enjoyed perfect health 
until his admission to the hospital. Shortly 
after liis admission to the hospital he vomited 
fecal matter. Palpation of the abdomen revealed 
tenderness with rigidity in the right lower 
quadrant of the abdomen and a palpable mass. 
A tentative diagnosis of intestinal obstruction, 
with a probable appendiceal abscess, was made. 

A right rectus incision was made. An in- 
tussusception at the ileocecal valve was noted. 
At that point approximately 2 feet of ileum was 
intussuscepted through the cecum and into the 
ascending colon. This was reduced with diffi- 
culty due to the edema of the walls of the ileum. 
The circulation was fair and no resection was 
deemed necessary. The appendix was found to 
contain a fecal impaction and it was removed. 

The laboratory reported a mild chronic 
inflammatory response in the appendix, char- 
acterized chiefly by interstitial lymphocytic 
infiltration throughout all strata of the ap- 
pendiceal wall. Chronic appendicitis with 
appendiceal (fecal) concretion was the diagnosis. 

The patient made an uneventful recovery and 
was discharged from the hospital January 23, 
1937. He continued in perfect health until July 
25, 1938 when he was again admitted to the 
hospital complaining of general abdominal 
pain, nausea, vomiting and diarrhea. His 
temperature was gg and his pulse 80. He was 
given a castor oil enema and kept under close 
observation for forty-eight hours, during which 
time his symptoms all disappeared. He was dis- 
charged July 27, 1938. 

On August 22, 1938 he was again admitted to 
the hospital. On August 19 he complained of 
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abdominal pain chiefly over the line of his 
previous incision to the right of the midline of 
the abdomen. The pain became progressively 
worse and nausea and vomiting occurred. On 
the day of his admission to the hospital he 
vomited fecal matter. His temperature was 99, 
pulse 80. The total red count was 4,550,000 and 
the white count 19,000. 

An intestinal obstruction appeared probable 
and on August 22 the abdomen was opened by 
a midline incision from umbilicus to symphysis 
pubis. About 114 feet above the ileocecal valve, 
a loop of ileum was adherent to the anterior 
abdominal wall, producing a kink and complete 
obstruction, the bowels being collapsed below 
this point. The adhesion was released and the 
kink freed. Upon further investigation a second 
obstruction was found about 1 }4 feet above the 
first adhesion, this obstruction being caused by 
a loop of omentum bound around a section of 
ileum. This adhesion was released. About 114 
feet above this point a neoplasm was discovered 
in the lumen of the ileum. The tumor mass was 
perfectly smooth and round, and seemed to be 
adherent to the inner intestinal wall, produc- 
ing a complete obstruction of the Iumen of the 
intestine. Approximately 7 inches of the ileum, 
including the tumor mass, was removed and 
the ileum united by the end-to-end method. 
Further investigation of the intestinal tract 
revealed no other pathology. There was no evi- 
dence of splenic, liver or other glandular 
enlargement. The patient was discharged from 
the hospital September 7, 1938 completely 
healed and in good condition. 

X-ray examination of the chest revealed no 
evidence of pulmonary disease. 

Pathologic Report. The section of ileum 
was fixed in formalin. A nearly spherical 
tumor, 1.8 cm. in diameter, having a submu- 
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cous location, projected into and completely 
occupied the cross section of the lumen. It was 
sharply demarcated from the compressed 
musculature and overlying mucosa on bisec- 
tion. The cut surface was homogeneously 
solid, firm and white. The overlying mucosa 
was hemorrhagic and at one point presented 
a rather superficial ulcer 2 mm. in diameter. 
There was no hypertrophy of the musculature 
at either side of the tumor. 

The nodule was sharply confined to the 
submucosa, although it displaced and com- 
pressed both mucosa and musculature. It was 
moderately and heterogeneously cellular, being 
composed of fibroblasts, mature fibrous con- 
nective tissue, histocytes of variable type and 
a few lymphocytes. There were macrophage 
histocytes, plasma cells, mononuclear eosino- 
philes and also large cells with bulky, single 
and multiple, pale, vesicular nuclei and promi- 
nent nucleoli. These have been variously desig- 
nated Dorothy Reed cells and Sternberg cells, 
and are characteristic of Hodgkin’s Disease. 
The pathologic diagnosis was Hodgkin’s disease 
of the ileum. 


COMMENT 


This case is unusual in that: (1) Hodg- 
kin’s disease is limited entirely to the 
abdominal cavity; (2) has invaded only the 
ileum as a single lesion with no mesenteric 
or retroperitoneal glandular involvement; 
(3) occurs at the age of 13 instead of as 
usual in the fourth or fifth decades. It was 
associated with intestinal obstructions and 
was preceded by an intussusception nine- 
teen months prior. Its afebrile course is 
unusual, with no evidence of cachexia, 
anemia or palpable glands. 
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CHRONIC INFLAMMATORY TUMORS OF THE ILEOCECAL 
SEGMENT* 


WITH CASE REPORT 
H. Fouser, M.D., F.A.C.S. 


Clinical Associate in Surgery, Rush Medical College of The University of Chicago 


CHICAGO, ILLINOIS 


NFLAMMATORY or “‘pseudotumors”’ 
of the bowel were described by Virchow 
in 1853. Thereafter reports of clinical 

cases became numerous in the literature. 
The case reports of the British surgeons 
Moynihan, Mayo-Robson and Dalziel 
called attention to these tumors. Braun 
added further to this study by his report 
“Uber entzundliche Geschwiilste am 
Darm.” Lawen made an extensive study 
and advanced the view that “the majority of 
chronic inflammatory tumors of the cecum 
arise from a chronic fibroplastic inflamma- 
tion of the appendix.” 

Moschowitz and Wilensky in 1923 estab- 
lished chronic nonspecific inflammation of 
the intestines as a clinical and pathologic 
entity. Bouman in 1924 reviewed the 
literature up to that date. 

James states that Dalziel in 1913 was 
aware of an entity which he described as 
“chronic interstitial enteritis.” Little atten- 
tion was focused on the condition, how- 
ever, until 1932, when Crohn, Ginzburg 
and Oppenheimer described a subacute or 
chronic inflammatory condition affecting 
the terminal portion of the small intestine 
which they termed “regional ileitis.” He 
further states that several contributions 
have appeared since, but very little has 
been added to our knowledge of the dis- 
ease. In most of the cases described, the 
lesion has shown a predilection for the 
terminal portion of the ileum, but any part 
of the intestinal tract may be involved; 
there have been very few examples of 
isolated involvement of the colon. 

Ralphs states that following the report of 
Crohn, Ginzburg and Oppenheimer in 1932, 


* From the Surgical Service, West Suburban Hospital, Oak Park, Illinois. Read before the Surgical Staff of the 
Hospital. 
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a sequence of case reports by many 
writers has appeared with a multiplicity 
of titles, e.g., “localized hypertrophic 
enteritis” (Jackman), “chronic hyper- 
plastic enteritis,” “chronic cicatrizing en- 
teritis’”’ (Barbour and Stokes), and so 
forth. More recently Lawen has added to 
his earlier studies and reports by stating 
that microscopic features of the entity 
which he described in 1914 under the name 
fibroplastic appendicitis are identical with 
those of terminal ileitis described in 1932 
by Crohn, Ginzburg and Oppenheimer. 

Lawen had stated in his description that 
fibroplastic appendicitis may involve the 
cecal wall and the terminal portion of the 
ileum and thus lead to a secondary termi- 
nal ileitis. He concludes that the tumor- 
forming, chronic stenosing, ulcerative or 
nonulcerative ileitis and fibroplastic appen- 
dicitis and the analogous disorders of the 
ascending colon present an identical micro- 
scopic picture. They represent the same 
type of inflammation with a different 
primary localization. 

It is a well recognized fact that chronic 
nonspecific inflammation may occur in any 
portion of the gastrointestinal tract. How- 
ever, it occurs most frequently in the ileo- 
cecal region. Larimore has stated two 
reasons for such frequent predilection for 
this region. First, the cecum and cecocolic 
segments of the large intestine are subject 
to inflammatory reactions of degrees vary- 
ing from simple catarrhal irritations to 
extensive ulcerations by bacterial invasion 
of the walls. Secondly, most bacterial 
growths are due to slow segmental transport 
and greater fluidity in the ileocecal segment. 
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CASE REPORT 


L. A. V., aged 26, a housewife, complained of 
pain in the lower abdomen. Two months before 
she had had a first attack of severe pain in the 
region below the umbilicus and in the lower 
right abdomen. The attack lasted about three 
days and was not accompanied by nausea or 
vomiting. The pain had no relation to food 
intake or her menstrual period. Since this 
attack there had been several others at four to 
five day intervals which lasted for a few days. 
Soreness in lower abdomen persisted between 
attacks. The pain was aggravated by walking. 
There had been considerable constipation and 
bowel distress. The patient further stated that 
for about three years she had had mild attacks 
of pain in the lower right quadrant with gastric 
upsets. 

The past history was essentially negative. 

Physical examination revealed an _ obese, 
well-developed white female, with temperature 
of 100.4 degrees and pulse of 92. 

Abdominal palpation revealed a heavy 
panniculus and symmetrical abdominal wall. 
A tender, fixed mass about the size of a small 
grapefruit could be palpated in the region just 
below and to the right of the umbilicus. 
Bimanual examination revealed an infantile 
uterus, a mass in the lower right abdomen and 
pelvis which also involved the right uterine 
tube and the right ovary. 

The blood count was within normal limits. 

The diagnosis made was chronic inflamma- 
tory tumor of the cecum, appendix, right 
uterine tube and right ovary. 

Operation. A right paramedian incision was 
made from a point lateral to the umbilicus 
down to the pubic region. The deep fascia was 
covered with a layer of subcutaneous fat of 
approximately 10 cm. thickness. The fascia 
was incised and the edges dissected from the 
underlying muscle tissue. The recti muscles 
were separated and the peritoneum incised to 
the right of the midline: The lower portion of 
the greater omentum was found to be closely 
adherent over the anterior and medial surfaces 
of the tumor mass. The omentum was clamped, 
cut and ligated and the adherent mass of distal 
omentum carefully dissected free from the 
underlying tissue mass. The abdominal and 
pelvic cavities were explored and the mass out- 
lined in the cecal region which involved the 
cecum, terminal loops of ileum, appendix, 


Fouser—Chronic Tumor 


American Journal of Surgery 125 

mesentery, lateral pelvic wall, right tube and 
the right ovary. Upon examination it was found 
that the left tube was essentially negative, the 
left ovary was small and fibrotic, and the 
uterus was infantile in size and outline. All 
structures involved in the mass were closely 
adherent to each other by the infiltration and 
abundant overgrowth of dense white fibrous 
connective tissue. 

The right tube and ligament of the right 
ovary were dissected free from the mass by 
finger dissection, clamped with considerable 
difficulty, cut and ligated with fixation sutures 
of No. 1 plain catgut. The herniated loop of 
the terminal ileum was then carefully dissected 
free from the position of its attachment under 
the mass and above the region of the right tube. 
This loop of ileum was partially obstructed due 
to its herniated position. The most distal loop 
of terminal ileum was separated from the 
medial surface of the mass by finger dissection. 
Dense white fibrous connective tissue abundant 
in quantity characterized all the adherent 
attaching tissue. The appendix was located 
with difficulty in a retrocecal position, inti- 
mately related to the wall of the mass. Owing 
to its large size and hard, fibrous consistency, 
it was separated with great difficulty from the 
cecum; an appendiceal artery was cut and 
ligated with fixation suture. It was not possible 
to ligate the appendix because of its size and 
the density of the tissue. The appendix was 
removed at its base from the wall of the cecum, 
which was very friable, markedly thickened 
and firm in character. A cecostomy was done 
by the insertion of a rubber tube in the appen- 
diceal opening of the cecum, fixed by a purse- 
string and interrupted sutures of chromic No. 1 
catgut. All raw surfaces were peritonealized 
as much as possible. The omental tissues were 
drawn down and placed in the region of the 
cecostomy. A rubber Penrose drain was in- 
serted to the right pelvic region. The peri- 
toneum was closed with plain No. 1 catgut. 
Four silkworm gut retention sutures with 
buttons were placed in the skin, subcutaneous 
and fascial tissue. 

The fascia was closed with chromic No. 1 
catgut. Two thin rubber tissue drains were 
placed in the subcutaneous tissues, one at each 
extremity of the incision for fat drains; four 
interrupted subcutaneous sutures of plain No. 1 
catgut were inserted. The skin was closed with 
interrupted silkworm gut sutures. The cecos- 
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tomy extended through the midincisional re- 
gion as the immobility of the cecum prevented 
a right stab incision in the lateral abdominal 


Fic. 1. Drawing of tumor mass in cecal region. 
The terminal ileum is adherent to the cecal 
tumor. A portion of the terminal ileum is 
herniated and partially obstructed. The right 
uterine tube and right ovary are adherent to 
the tumor mass. Dense fibrous connective 
tissue adhesions are shown which attach the 
tumor mass to the parietal peritoneum and 
pelvic wall. The adherent lower portion of the 
omentum has been clamped and cut. 


wall. A silkworm gut retention suture was used 
at the skin margin of the incision to hold the 
rubber tube in position. 

Pathologic Report. The specimen removed 
consisted of a hard mass the size of a small 
grapefruit in the cecal region, which extended 
medially to the midabdominal region. It con- 
sisted of a markedly enlarged cecum with the 
lower portion of the greater omentum adherent 
to the underlying mass. The cecal walls were 
much thickened and indurated; the terminal 
loop of the ileum was adherent to the mass; 
the appendix with no apparent lumen except 
at its base was markedly enlarged and densely 
fibrotic. The appendix was in a retrocecal posi- 
tion and closely adherent to the cecal wall by 
an overgrowth of dense fibrous connective 
tissue. The mesoappendix had been replaced 
and obliterated by dense white fibrous connec- 
tive tissue. A loop of the terminal ileum was in 
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a herniated position under the mass and above 
the uterine tube. This loop was partially 
obstructed; no gangrenous areas were present. 


Fic. 2. Cecal tumor and markedly enlarged and 
adherent appendix. The adhesions have been 
dissected, releasing the adherent terminal 
ileum from the tumor mass. The loop of 
ileum is elevated to expose the appeiidix 
which is in a retrocecal position. The right 
uterine tube and right ovary have been 
removed. 


The mass was adherent to the lateral pelvic 
wall by the infiltration of dense fibrous con- 
nective tissue which extended downward to 
the region of the iliac vessels. The mesenteric 
tissues were thickened and very firm and 
nodular due to the fibrous infiltration. 

Sections of the appendix and tube revealed 
the characteristic appearance of a chronic 
inflammatory lesion. There was an abundance 
of fibrous connective tissue which had replaced 
the tissues which make up the walls of the 
appendix and intestine. This replacement was 
most evident in the submucosa and muscularis 
layers. The tissues were invaded by neutro- 
philes, eosinophiles and lymphocytes. The 
sections of the mesentery and ovary presented 
the same pathologic changes—those of chronic 
proliferative inflammation. 

The patient made an excellent recovery. 
The cecal tube was removed the tenth day. 
There was a small amount of drainage from 
the site of the tube for a number of days, after 
which time the opening in the tissues closed. 
The patient has had no distress; her appetite 
is good and her bowels regular. The patient’s 
health has been excellent since operation. 


Etiology and Pathology. James states 
that nothing definite is known regarding 
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the etiology of the disease. Although it is 
quite generally agreed that the origin is 
infectious, no specific organism has been 
recovered from the feces, the affected intes- 
tinal wall, or the lymph glands. 

Braun has called attention to the fact 
that chronic nonspecific inflammatory tu- 
mors of the intestinal tract may be caused 
by streptomycosis as well as staphylomy- 
cosis and infections with the Bacillus coli. 

Mailer reported Streptococcus viridans 
as a possible infective agent. It is well 
recognized that Streptococcus viridans is 
capable of producing a relatively low-grade 
inflammation similar to that present in 
these tumor masses. 

Ralphs emphasizes the frequency of a 
lesion of the mucosa as the portal of entry 
for the infection. He further states that 
through some break in the mucosa the sub- 
mucosa is involved and becomes the seat 
of a marked inflammatory reaction with 
round-celled infiltration. Although the path 
of the infection may be via the mucous 
membrane, it is possible to be from with- 
out, as well. The muscularis may be pene- 
trated. Mural infiltration may be complete, 
and an infiltrated and thickened serosa may 
cause contact adhesions to the parietes, 
adjacent organs, neighboring loops of 
bowel, or the retroperitoneum. 

Kirschner and Nordmann present fur- 
ther etiologic evidence, quoting the view of 
Lawen that “‘the majority of chronic in- 
flammatory tumors of the cecum arise 
from a chronic fibroplastic inflammation of 
the appendix.” Their own observations 
confirm these facts in that chronic appen- 
dicitis of slow development may trans- 
form the cecum into a tumor of wooden 
consistency and fuse the cecum to the 
retroperitoneal tissues by a cartilaginous 
induration. 

It may be stated that the literature is in 
quite general agreement in the following 
fact, namely, the proliferating fibroplastic 
tumors in the ileocecal region are the 
result of a low-grade inflammatory process 
insidious in nature and extending over a 
period of months or years. 
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Diagnosis. The differential diagnosis 
may present a very difficult problem. The 
specific inflammations (tuberculosis, syphi- 
lis, actinomycosis) and malignant disease 
may cause intestinal tumor masses which 
are difficult to differentiate from nonspecific 
inflammatory masses before operative ex- 
ploration. Pathologic examination and 
histologic studies are the determining 
factors in the more complicated cases. 

Treatment. The operative procedure 
must be based upon the extent of the 
pathologic involvement and the judgment 
of the operating surgeon. 

Ralphs has stated that resection of the 
tumor mass is the ideal course, but this is 
often impracticable due to the presence of 
adhesions to adjacent structures and the 
retroperitoneal tissues. Meyer and Rosi 
have resected wherever practicable. Short 
circuiting anastomoses have been employed 
with success by Hodgson. Cases of a less 
involved nature have been reported where 
spontaneous recovery has taken place 
following simple exploration. 


SUMMARY 


A brief review has been made of the 
literature on chronic inflammatory tumors 
of the ileocecal region. 

A case has been recorded of an ileocecal 
tumor mass which presented an extensive 
involvement of the adjacent structures as 
the result of a chronic proliferative in- 
flammation. 

The mass was not resectable. The appen- 
dix, ovary, uterine tube and a portion of the 
mesentery were surgically removed. A 
cecostomy was done for drainage of the 
cecum. 
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TRAUMATIC RUPTURE OF THE SPLEEN WITH DELAYED 
HEMORRHAGE 


REPORT OF A CASE 


EMERSON J. STEENROD, M.D. 


IOWA FALLS, IOWA 


ELAYED hemorrhage from a trau- 
matic rupture of the spleen may 
come as a surprise to the surgeon 

unless he anticipates its onset by the type 
and location of the initial injury. This 
condition presents a serious abdominal 
catastrophe which must be recognized and 
treated at once if the patient is to survive. 
In 1931 McIndoe’ collected and reported 
forty-six cases of delayed hemorrhage from 
ruptured spleens. He purposely omitted all 
cases which presented primary rupture of 
the spleen with immediate symptoms. 
Since 1931 I have been able to collect seven 
additional from the litera- 
ture. The one I am presenting in this paper 
makes a total of fifty-four reported cases. 
Of the fifty-four, operation was performed 
in forty-five with a mortality of 25 per cent. 
Eight patients died on the table or within 
forty-eight hours, from hemorrhage and 
shock; one died on the seventh day from 
peritonitis; one from bronchopneumonia on 
the third day; and one died on the twenty- 
ninth day from intestinal obstruction. 
There were nine patients not operated on; 
of these, eight died and one recovered. 
This type of injury may occur at any age, 
and is especially to be looked for after a 
blow or a crushing type of injury over the 
left lower thorax, particularly when evi- 
dence of fractures of one or more of the left 
lower ribs is discovered by physical ex- 
amination or roentgenographic studies. 
Balance’s sign of dulness in the left flank 
when present should be carefully investi- 
gated each day to determine whether there 
Is any progression or regression in the 
extent of the abnormal percussion note. 
The spleen may rupture at the time of the 
initial injury and bleed within the capsule 
until the pressure is sufficient to burst the 


capsule and cause the signs and symptoms 
of an internal abdominal hemorrhage. 
There is no specific time limit set for the 
splenic capsule to rupture; it may occur 
hours or days after the initial mjury. If 
there is a history of trauma to the left side 
of the lower thoracic cage, or upper left side 
of the abdomen, or if fractured ribs on the 
lower left side of the thorax are encountered 
in the presence of delayed internal abdomi- 
nal hemorrhage, the most likely cause is a 
ruptured spleen. 


CASE REPORT 


A lineman, aged 20, was brought to the 
Hampton Clinic on June 28, 1938. He had 
severe pain in the left side of his chest and 
second and third degree burns about the body. 
He had been working on a high tension line 
(7,000 volts) and had noticed that a cut out on 
a transformer had blown out. It had been im- 
possible to use a “hot stick” to apply a fuse, so 
he had climbed up a pole in an attempt to 
insert the fuse. His spur had slipped and in 
order to support his body he grasped a high 
tension wire and had immediately fallen 30 
feet to the ground. He was unconscious for 
approximately three minutes. First aid was 
given by a local physician at the site of the 
accident and he was then brought to the Hamp- 
ton Clinic.: 

The man was in severe pain, but he was well 
oriented and responded to questions. He did 
not show evidence of shock. The pulse was 104 
beats per minute, the respirations 20 per min- 
ute, and the temperature by mouth 99.4°. 

The head and neck were essentially normal. 
The respirations were mostly abdominal in 
type and there was a marked lag of the left 
costal margin. Resonance was increased over 
the entire left chest. There was a shift of medi- 
astinal dulness approximately 1 cm. to the 
right of the lateral margin of the sternum. The 
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breath sounds were absent over the entire left 
side of the chest. The right Jung was normal. 

The abdominal muscles were rigid, but no 
tender areas were palpated. Peristalsis was 
audible. The percussion note was equally tym- 
panitic over the entire abdomen. There was 
tenderness along the left tenth rib both to the 
left of the vertebral column and in the mid- 
axillary line. 

Second and third degree burns had occured 
on the lateral palmer surface of the right hand 
and over the upper part of the left chest. 

The leucocytes numbered 20,000 per cu. mm. 
of blood. The urine was normal. Roentgeno- 
graphic examination of the thorax disclosed a 
partial left pneumothorax and a comminuted 
fracture 1.5 cm. lateral to the head of the left 
tenth rib with a greenstick fracture near the 
angle of the same rib. 

A diagnosis was made of traumatic left 
pneumothorax, multiple fractures of the left 
tenth rib, and second and third degree burns 
about the body and upper extremities. 

The patient was put to bed and observed. 
The left side of the chest was strapped with 
adhesive tape, careful debridement was per- 
formed on the burns. The remainder of the 
treatment was symptomatic. Convalescence 
was uneventful until the ninth hospital day. 
Roentgenographic studies of the thorax made 
on July 7, 1938 showed the left pneumothorax 
to be subsiding. 

On the ninth day the patient suddenly 
developed severe epigastric pain, vomited, and 
went into shock. His temperature was 99.6°F., 
the pulse numbered 128 beats per minute, and 
the blood pressure fell from 120 systolic to 70. 
A diagnosis of concealed abdominal hemor- 
rhage was made, probably from a ruptured 
spleen. After ten or twelve hours the patient 
became progressively worse, with dulness in 
both flanks and a demonstrable fluid wave in 
the abdomen. A blood transfusion was given 
and operation performed. 

Under local anesthesia, the abdomen was 
opened through a modified upper left Kocher 
incision. When the peritoneum was opened 
blood was encountered. Exploration revealed 
a rent 114 inches in diameter in the capsule at 
the lower pole of the spleen with contused 
oozing splenic tissue protruding through the 
hole. The spleen was three times normal size 
and much more soft and irregular in contour 
than the normal. The spleen was removed, 
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carefully avoiding injury to the tail of the - 


pancreas. The pedicle was doubly ligated, as 
were several bleeding points on the greater 
curvature of the stomach. Further exploration 
was impossible because of the patient’s general 
condition. The splenic cavity was packed with 
gauze, and the abdomen was closed in layers. 
Another blood transfusion was given during 
the operation. 

Following operation, the general condition 
was very poor: temperature was 103.6°F., and 
pulse 146. During the next seven days the tem- 
perature and pulse gradually dropped to nor- 
mal. On the seventh postoperative day pain in 
the right lower quadrant of the abdomen accom- 
panied by nausea and vomiting suddenly 
appeared. This was followed by separation of 
the lower end of the wound. A piece of small 
bowel presented through the separation. When 
it was forced back into the abdomen the pain 
subsided. The wound was then reopened under 
local anesthesia and a secondary closure per- 
formed. This did not relieve the nausea and 
vomiting, so duodenal drainage was begun. 
The abdomen remained scaphoid, but it was 
impossible to obtain anything by way of the 
large bowel other than fragments of a clay 
colored stool. The picture was one of high 
intestinal obstruction. With duodenal drain- 
age, intravenous fluids, and blood transfusions 
the patient remained fairly comfortable al- 
though there were both physical and roent- 
genographic signs of a bronchopneumonia in 
the right Iung. Roentgenographic studies of 
the abdomen revealed distended loops of small 
intestine. 

After twelve days of conservative treatment 
without any signs of improvement in the intes- 
tinal obstruction the abdomen was again 
opened under local anesthesia through an 
upper right rectus incision. Loops of reddened 
and distended jejunum were encountered. There 
were multiple adhesions about the abdomen, 
but the main site of obstruction was a large 
mass of adhesions in the splenic fossa, as well 
as many tight fibrous bands between loops of 
jejunum and ileum. Many of these bands were 
separated, but an enteroanastomosis around 
the mass of adhesions was impossible. The 
abdomen was closed. Following the operation 
the patient developed a generalized peritonitis 
and died on the seventh postoperative day, 
twenty-nine days after splenectomy and thirty- 
nine days after the initial injury. 
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A post-mortem examination of the abdomen 
revealed the omentum to be wrapped around 
the splenic flexure of the colon and upper 
jeyunum and bound tightly in the region where 
the spleen was removed. There were multiple 
adhesions between loops of small intestine. The 
appendix was normal. The abdominal cavity 
contained purulent fluid. 


SUMMARY 


A case is reported of a traumatic rupture 
of the spleen in which the hemorrhage was 
delayed until nine days after the initial 
injury. This illustrates the importance of 
observing individuals with signs of injury 
about the left lower chest for a sufficient 
period of time before dismissal from the 
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hospital. This man had no complaints and 
was able to get out of bed when the 
catastrophe occurred. 

Some interesting complications are de- 
scribed. 
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Harvey CusHino’s SEVENTIETH BirTH- 
pay Party. Published for The Harvey 
Cushing Society. Springfield, IIlI., 1939. 
Charles C. Thomas. Price $3.00. 


This small, well printed volume contains the 
speeches, letters and tributes delivered on 
Harvey Cushing’s seventieth birthday, April 8, 
1939. Many physicians, his former pupils, old 
friends, most of them outstanding in the Amer- 
ican medical scene, journeyed to New Haven 
(Connecticut) to do him honor. It was, we 
read, ‘‘A record of a gay and happy occasion.” 
No one dreamed that not many months later 
he would be gone. 

In this volume are the speeches, letters and 
tributes given in honor of a great pioneer in 
surgery, a teacher of parts and a gentleman. It 
permits those not present at that function to 
share in much of the warmth and “gay intimacy 
of the occasion.” A most interesting chapter is 
that by Henry R. Viets entitled, “Notes on the 
Formative Period of a Neurological Surgeon.” 
There are many illustrations; those done by 
Dr. Cushing himself in his case histories are 
gems. This volume is a beautiful tribute to a 
great American surgeon and will be guarded on 
the shelves of private and public libraries. 


TREATMENT OF CANCER AND ALLIED 
Diseases. By 147 Authorities. Edited by 
George T. Pack and Edward M. Living- 
ston. In Three Volumes. New York, 1940. 
Paul B. Hoeber, Inc. Price $36.00 per set. 


The editors of this valuable and monumental 
work, as well as the authors, rightly deserve all 
the praise one can bestow upon them. They 
have done a good job. Books of this type usually 
leave much to be desired. However, after care- 
fully going through each of the three volumes, 
we venture no criticism. To do so would be to 
pick out very minor flaws and unimportant 
non-essentials. In these times it takes courage 
for a publisher to bring out such a large scale 
work, but if merit deserves any reward then the 
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returns will more than compensate for the 
energy, labor and brains put into the task. 

In the preface we read, ‘‘The purpose in the 
preparation of these volumes has been to create 
a reservoir of existing knowledge on the treat- 
ment of cancer and allied diseases from which 
any physician, who deals with these conditions, 
may conveniently draw. The object has been to 
pool at a common source and to bring together 
in one work the great mass of detailed informa- 
tion that has now accumulated concerning the 
techniques of cancer therapy in current use.” 
This work lives up to every word of this thesis. 
It is a harmonious correlation of all accepted 
techniques of cancer therapy or treatment in 
current use. It also deals with the care of 
patients suffering from advanced cancer. In 
fact, the treatment of cancer in various parts or 
organs of the body and in all stages of the 
disease is reviewed and leaves nothing to be 
desired. 

Volume One is divided into seven sections 
which cover introduction, general principles of 
treatment, mouth and pharynx, larynx, neck, 
thyroid and para thyroid, breast, and chest. 
Volume Two has six sections: esophagus, 
stomach, intestinal tract, colon, rectum, and 
female genitals. Volume Three has eight sec- 
tions: urinary system, male genitals, skin, 
eye and orbit, nervous system, bone and 
synovial membranes, lymphoid system, and 
miscellaneous. 

There are 2,598 pages of text and the authors 
have appended references at the end of each 
chapter. The illustrations number about 1,500 
(on the whole they are excellent), and there is 
an ample index. 

Inasmuch as cancer stands second in the 
column of causes of death in this country, and 
inasmuch as only a minority of the profession 
are familiar with all the phases of diagnosis and 
treatment, and inasmuch as this is the out- 
standing work of this year, standing in a class 
by itself—the only complete work on the 
subject—it would seem logical that a large 
number of physicians should have these vol- 
umes in their libraries. 
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EMERGENCY TREATMENT AND TRANSPORTATION 
SPLINTING OF FRACTURES OF THE FEMUR* 


Frank D. Dickson, M.D. 


KANSAS CITY, MISSOURI 


N 1927, nine years after the World War, 
W. Rowley Bristow of London pre- 
sented a paper before the Orthopaedic 

Section of the American Medical Associa- 
tion, entitled ‘“‘The Influence of War 
Surgery on Fracture Treatment in Great 
Britain.” It is a significant fact that twelve 
years later in discussing fractures of the 
shaft of the femur, it is again necessary to 
refresh our memory of the lessons the late 
War held for those who make fracture 
treatment a large part of their practice. 
These lessons are important at the present 
time for two reasons: first, because, owing 
to modern living conditions, severe frac- 
tures, occurring under circumstances simu- 


lating those of wartime, so far as emergency | 


treatment and transportation are con- 
cerned, are on the increase; and second, 
because we are today living among wars 
and rumors of war, and no matter how 
unwilling we may be to admit it, no one 
can tell when the need may arise for putting 
into practice the lessons learned in the dark 
days of 1914 to 1918. Bristow said in his 
discussion that the World War had taught 
three great lessons: (1) the value of the 
Thomas splint; (2) the need of segregation 
of fractures; and (3) the value of teamwork 
in fracture treatment. Each of these lessons 
is a stone in the arch of fracture treatment, 
but the theme of this discussion is the first: 
The value of the Thomas splint. 

So far as the emergency treatment and 
transportation of fractures, particularly 
those of the femur, are concerned, war 
experience taught one fundamental lesson, 
namely, that simplicity of means and 
simplicity of apparatus are superior to 
more elaborate methods. By simplicity of 
means is meant that the emergency treat- 
ment of a compound fracture in war or in 


civil life should consist of cleansing the 
external wound, control of serious hemor- 
rhage by pressure or if necessary by 
tourniquet, and the application of a suit- 
able sterile dressing to protect the area of 
injury, more elaborate procedures being 
delayed until the patient has been hospital- 
ized. By simplicity of apparatus is meant 
utilizing for immediate and transportation 
splinting a form of fixation which can be 
applied without removal of clothing, by 
any individual of average intelligence, and 
which gives efficient immobilization of the 
fractured extremity. 

It is an authenticated fact that the 
mortality rate from compound fractures of 
the femur in the British forces during the 
early years of the late War was extremely 
high. It has been generally stated to have 
been 65 per cent, but has been estimated as 
high as 80 per cent. It is further true that a 
large percentage of these deaths occurred 
en route to or at the casualty clearing 
station, that is, between the field of battle 
and the most advanced hospital unit at 
which the wounded received definitive 
hospital care. The immediate fatalities 
were the result of hemorrhage and shock, 
the later ones were caused by sepsis and 
gas infection. 

An investigation of this appalling situa- 
tion tragically brought home to those in 
authority the realization that most of the 
immediate catastrophes and most of 
the subsequent deaths were traceable to the 
added trauma the wounded suffered during 
transportation, owing to inadequate im- 
mobilization of the fractured extremity or 
extremities. That failure effectively to 
immobilize fractured bone ends before 
transportation results in soft tissue dam- 
age, excessive bleeding, and dissemination 
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of infection was incontrovertibly estab- 
lished by this investigation. 

During this period of the War, the Liston 
splint was used almost exclusively, a form 
of splinting for fractures of the femur which 
was difficult to apply efficiently and which 
supplied inadequate fixation for trans- 
portation. In 1916, largely through the 
persistent efforts of Sir Robert. Jones, the 
Thomas traction splint was generally 
introduced into the British Army; this 
splint could be and was applied where the 
wounded man fell on the field of battle and 
was worn until he reached the base hospi- 
tal, and usually throughout the entire 
course of his treatment. Almost at once, the 
picture changed, and the mortality rate of 
compound fractures of the femur in the 
British forces fell rapidly to 16 per cent and 
remained there. It should be emphasized 
that the only alteration made in treatment 
to bring about this change was substituting 
easily applied, immediate, adequate fixa- 
tion in place of more complicated and 
inadequate splinting. This was attacking 
the problem at its source, and the results 
proved beyond any question of doubt the 
importance of immediate and continued 
immobilization in influencing the course of 
such fractures. This is what Bristow meant, 
in part at least, when he said that the War 
had proved the value of the Thomas 
splint. 

The American Expeditionary Force, 
acting upon the advice of Goldthwaite, 
Allison, and Baer, who were familiar with 
the experience of the British, adapted 
traction arm and leg splints as the field 
equipment of its medical units. Army, 
corps, and division orthopedic consultants 
were entrusted with instructing the per- 
sonnel of the army, corps, and divisional 
medical units in the application of these 
splints and were made responsible for see- 
ing that splints were applied on the field of 
battle and before transportation was under- 
taken. On the whole, an excellent job was 
done, with the result that in the American 
Expeditionary Force the mortality rate of 
compound fractures of the femur was never 
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unduly high and that these fractures 
presented no greater problem than did 
compound fractures of any other bone. 

While up to this point war has been 
stressed, one must keep in mind that the 
problems of treatment of fracture of the © 
shaft of the femur, both preventive and 
curative, are virtually the same for the 
civilian at home as for the soldier in the 
field, and differ only in the urgency of 
appeal to our sentiments and to our best 
efforts. The widespread mechanization of 
our country in the past two decades has 
changed in innumerable ways the condi- 
tions under which we live; among the 
changes has been an increased liability to 
injury, not only as an occupational risk 
but in the routine of daily life. The accident 
toll in the United States for 1937 was 
106,000 fatalities, 9,900,000 injuries, and 
375,000 permanently disabled. When we 
realize that in 1937, the total accidental 
injury list was two and one-half times the 
total number of American troops engaged 
in the World War, and that the number of 
deaths in the American forces was but 
50,510, It seems quite clear that at the 
present rate, our yearly accidental casualty 
list causes our casualties of the World War 
to shrink into insignificance. This suggests 
that measures of proved worth in the 
management of wartime injuries have a far 
greater field of application in civilian life 
than has been offered in any war fought up 
to the present time. This is particularly 
true of fractures—of which there are from 
one-half to one million annually. One table, 
for four states, including only occupational 
injuries, lists fractures as comprising 17.7 
per cent of all injuries. In highway acci- 
dents, the percentage is almost certainly 
higher. 

Predicated upon wartime experience, the 
statement can be made that effective 
emergency treatment and transportation 
splinting of fractures in civilian life will, in 
many instances, check serious hemorrhage, 
minimize the danger of shock, lessen the 
dissemination of infection, and influence to 
an important extent the period of incapac- 
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ity incident to recovery and the degree of 
permanent disability. Stated in another 
way, proper first aid treatment of fractures 
plays an important and even vital réle in 
determining the course and result in 
. practically every serious fracture. Further- 
more, it may be stated that Thomas trac- 
tion splints have been found to be the most 
efficient type of splint for emergency use 
because of the simplicity of their applica- 
tion and their effectiveness in providing 
immobilization. 

Have these lessons learned in war time 
been applied to civilian life? The answer to 
this question is both yes and no. Earnest 
and result-producing efforts are being made 
to drive home these lessons, but their 
importance as life-saving measures and as a 
means of favorably influencing the sub- 
sequent course of healing have not received 
the general acceptance necessary if our 
civilian casualties are to be given the 
full benefit of the information which is 
available. 

The Fracture Committee of the Ameri- 
can College of Surgeons, working through 
its regional and state committees, has been 
actively attempting to arouse a nation-wide 
recognition of the importance of adequate 
splinting of fractures at the scene of an 
accident and before the injured person is 
transported. This Committee has con- 
stantly urged that the principle of splinting 
before transportation applies not only to 
patients who must be transported for long 
distances but also to those whose journey 
to the hospital is short. Damage may be 
inflicted by rough and unnecessary han- 
dling in moving a patient as well as by 
repeated and prolonged trauma. The efforts 
of this Committee are producing results in 
some sections of our country. City ambu- 
lances, the fire and police departments in 
many of our large cities, and the first aid 
crews of a considerable number of large 
industrial plants are equipped and trained 
in proper first aid treatment and splinting 
of fractures. The chief surgeons of our 
railways have responded splendidly, and 
most railroads provide traction splints at 
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strategic points for transportation. The 
important field of caring for highway 
accidents has been taken over by the 
American Red Cross. They have estab- 
lished 2,652 Fixed Highway Emergency 
First Aid Stations and 2,363 Mobile Units 
over the United States. These stations are 
supplied with half-ring leg and arm traction 
splints in the application of which the 
personnel is trained. The central office of 
the American Red Cross reports that it is 
receiving word from physicians and hospi- 
tals of excellent results in the handling of 
fractures by these units. The tremendous 
toll in death, suffering, and permanent 
disability which highway accidents are 
taking all over our country raises this First 
Aid Service to an important position, and 
the medical profession is obligated to lend 
Its support to the Red Cross in establishing 
these units and training personnnel. ‘* 
Progress is being slowly made toward 
providing adequate care for accidental 
injuries occurring among civilians. Senti- 
ment has not, unfortunately, up to the 
present time, stirred the nation and the 
profession to effort on behalf of civilians 
comparable to that demonstrated toward 
soldiers in the field. There can be no let-up 
in our efforts until traction splints and a 
trained personnel are available always—in 
the factories, at the pit mouth, on all 
railways, and in every first aid outfit. 
During the past four years, military 
operations of greater or less magnitude 
have been occurring in Ethiopia, Spain, 
China, and Europe; these provide oppor- 
tunity for further study of methods of 
treatment of fractures due to bullets and 
projectiles of various kinds. A rather 
extensive perusal of the writings of those 
having had actual experience on these 
various fronts reveals no evidence of the 
development of any form of emergency 
treatment or any form of transportation 
splinting for fractures which is an improve- 
ment on that used in the World War. In 
other words, the administration of anti- 
tetanic and gas sera, cleansing of the 
external wound, control of hemorrhage, 
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the application of a suitable sterile dressing, 
and efficient immobilization by traction 
splint before and during transportation 
still constitute the best emergency treat- 
ment for fractures of the femur in war, and 
it might be added, in the accidents of 
civilian life. | 

This statement applies only to the 
emergency pbase of fracture treatment 
which should be considered to include only 
the measures taken from the time that the 
injury occurs until the injured individual 
reaches a medical unit or hospital where 
more elaborate procedures may be safely 
carried out. If, however, this emergency 
treatment is to be extended to include the 
measures which aim to correct soft part 
damage and improve alignment, then there 
is Important information to be gained by 
study of the experiences of the World War 
and these more recent conflicts. For 
example, the question of debridement and 
conversion of a compound fracture into a 
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simple fracture, the advisability of apply- 
ing the principles of the Orr treatment for 
compound fractures at the most advanced 
hospital units, and the superiority of trac- 
tion over operative forms of internal fixa- 
tion in war surgery offer very interesting 
subjects for discussion. These aspects of 
fracture management, however, seem to lie 
beyond the field of emergency treatment 
and will no doubt be covered by other 
contributors to this Symposium. 


CONCLUSION 


Emergency treatment in fracture of the 
shaft of the femur, simple or compound, in 
civil life or in war, should consist of 
cleansing the external wound, controlling 
hemorrhage, protecting any open wound 
by a suitable sterile dressing, and im- 
mobilizing the limb by traction splint 
applied before the injured person is moved 
or transported. 
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THE TREATMENT OF FRACTURES OF THE SHAFT OF THE 
FEMUR IN CHILDREN 


A. B. LeMesurier, M.D. 
Hospital for Sick Children 


TORONTO, ONTARIO 


HE treatment of fractures of the 
femur in children is much simpler 
than it is in adults. The results on the 
whole are more satisfactory, and the period 
of disability is shorter. In children, union 
takes place more rapidly, delayed union is 
rare, and nonunion is practically unknown 
unless some gross pathologic change is 
present. The stiffness of the joints passes 
off soon after use of the limb is allowed, and 
the other changes that take place in the 
limb, stiffness and atrophy of the muscles, 
and circulatory changes, soon disappear. 
The great majority of patients admitted 
to the Hospital for Sick Children, Toronto, 
with fractures of the femur, are over the 
age of 2 years, and the fracture is in the 
middle third of the shaft. Practically all 
these patients are treated by extension in a 
Thomas splint. There is nothing new about 
the way in which we use the Thomas 
splint, but for some reason this method is 
not in general use. (Fig. 1.) The end of the 
Thomas splint is tied on the top of the end 
rail of the bed so that it cannot rotate and 
the extension is obtained by having the 
patient lie on an inclined Bradford frame. 
There is much less friction on a Bradford 
frame and more extension can be obtained 
with the same amount of tilt than when the 
patient is lying on an ordinary mattress 
with fracture boards beneath it. Only one 
pillow is allowed, and with small children 
tiedowns are necessary to prevent them 
from sitting up. The inclination of the 
frame should at first be about one in three, 
that is if the frame is 6 feet long its foot end 
should be about 2 feet higher than its head 
end, and the amount of extension can be 
increased or decreased by altering this 
inclination. Beyond the fixation of the end 
of the splint to the rail of the bed, the splint 
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is not supported or suspended in any way. 
There is no point, in a child, of holding the 
foot up at a right angle. A foot piece is 
usually put on, but it is used only to keep 
the pressure of the bed clothes off the foot. 

This method of supporting the Thomas 
splint and applying extension without 
undue pressure on the ring is very simple 
and very efficient. There is a tendency 
nowadays to make the treatment of frac- 
tures much too complicated. The addition 
of several counterweights does little real 
good. The more elaborate any apparatus Is, 
the more likely it is to go wrong. There is 
very little about this method that can go 
wrong. The extension can be made ade- 
quate and is constantly maintained, and 
the child is allowed as much movement as 
is good for his fracture or is necessary for 
nursing purposes. These children stand the 
tipped-up position extremely well, but the 
position is not used when there is any 
severe intracranial injury. 

The putting up of the fracture in this 
way is by no means the whole of the treat- 
ment. There are several things to be con- 
sidered, and perhaps the most important 
is that certain things should be done at the 
proper time. The sooner after the injury 
that the patient is put up in an apparatus 
like this, the less pain he has, the less 
deformity and less injury to the soft tissues 
there is, and the simpler it is to correct any 
deformity that is present. Every child 
admitted to the Hospital for Sick Children, 
suffering from any serious injury, is imme- 
diately put on a Bradford frame in the 
Admitting Department and any further 
shifting is avoided. If the femur is broken, 
no matter at what level, it is put up in a 
Thomas splint on an inclined frame as soon 
as possible. In most cases the diagnosis of 
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even suspected, no child is allowed to lie 
overnight without fixation and extension. 
No anesthetic is used in applying the 
Thomas splint, but some sedative is 
usually given, if this has not been done 
before admission. No real attempt is made 
to reduce the deformity when the splint is 
being put on, but this takes place gradually 
during the next couple of days under 
extension and in comparative comfort. 
The next step is to get the fragments in a 
position that can be considered satisfac- 
tory. There is some difference of opinion as 
to what constitutes a satisfactory position. 
It is well known that, in children, a great 
deal of improvement in both length and 
alignment may take place with growth, but 
the hope that all deformities in children 
will correct themselves is no excuse for 
leaving a bad deformity that, at the time, 
can be corrected by fairly simple means. 
On the other hand, it is unwise and often 
harmful to submit the child to frequent 
manipulations in order to correct some 
minor fault in position that is shown in the 
x-ray but is not sufficient to cause any 
delay in union or to affect in any way the 


the fracture is obvious, and in most cases 
the fracture is put up in a splint before any 
x-ray is taken. Unless the fracture is not 


Fic. 1. Thomas splint applied. The patient lies on an inclined Bradford frame, 
with the end of the splint tied to the end of the bed. 
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functional result. The reasonable thing to - » 
do is to adopt some standard of position 
that can be considered as satisfactory, to 


make every attempt to obtain a position 
within the limits of this standard, and once 
such a position is obtained, to maintain it, 
with as little disturbance as possible, until 
union takes place. The standard we aim 
at is to have the fragments in contact, in 
oblique fractures to have fractured surface 
against fractured surface, to have the bone 
pulled out to full length, and to have the 
general line of the two fragments parallel, 
with no obvious varus or valgus deformity 
and no recurvation. This standard may not 
seem particularly high and does not 
necessarily mean a perfect x-ray picture 
but, with it, in children we can expect 
union and a perfect functional result. 
When the child is first put up in the 
splint he is left in the same position with a 
fairly strong extension for two or three 
days and then an x-ray is taken. This is 
often the first x-ray taken of the fracture. 
If the position is satisfactory no further 
change is necessary, but if it is not satis- 
factory, every attempt is made to improve 
it before the fragments have become at all 
fixed in a faulty position. It is a compara- 
tively simple matter to alter the relative 
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ment can be corrected by tightening the 
sling under it, and lateral displacement 
can be improved by pulling the fragments 


position of the fragments during the first few 
days, but at the end of the first week this is 
difficult, and after that it becomes progres- 


q Fic. 2. Method of using Hodgen’s splint for correction of back- 
ward displacement of lower fragment in high fractures. 


sively more difficult. Any deformity that is 
not discovered until after two or three 
weeks is very difficult to correct, and any 
attempt at correction at this stage delays 
union. 

After two or three days, under fairly 
strong extension, most fractures of the 
shaft of the femur have come to lie in 
satisfactory position. In fractures of the 
upper and lower thirds a bad deformity 
that is still present at this stage cannot be 
corrected satisfactorily by the same form 
of treatment, and the methods used in the 
treatment of these cases will be discussed 
later. In fractures of the middle third 
(these include the vast majority of the 
fractures of the shaft) any deformity that 
is still present is usually a minor one and 
can be improved by fairly simple means. 
There is no difficulty in children at this 
stage in pulling the bone out to length by 
increasing the extension. The frequent 
backward displacement of the lower frag- 


towards either bar of the splint. All this 
altering in position should be done in the 
first week, and at the end of the first week 
we should have x-ray evidence that the 
position is satisfactory. With some faulty 
positions it is occasionally wise to manipu- 
late the fracture under an anesthetic at an 
early stage. Sometimes it is wise to do an 
open operation with direct fixation of the 
fragments. 

It is very difficult deliberately to change 
the position of the fracture after the first 
week, and if it is in good position at that 
time it is not likely to get out of position 
later, provided that it is kept adequately 
splinted. The strong extension is no longer 
necessary and can be gradually reduced, 
but a fair amount of extension should be 
kept up as long as the Thomas splint is 
worn. The splint needs a good deal of 
attention—keeping the slings in place and 
tight enough, and keeping the adhesive 
extension bandaged closely to the skin. 


34 
& 
“ a 
~ 
2 


New Series Vor. XLIX, No. 1 


After four weeks, the union in children is 
fairly firm. It will still bend, if allowed to, 
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splint to the plaster spica is to shorten the 
stay in hospital. Four weeks after the 


but there is no tendency for the fragments injury, then, the Thomas splint is removed 


Fic. 3. X-rays showing stages of correction of backward displacement of lower fragment 


by means of Hodgen’s splint. 


to override or to become shifted. Extension 
is no longer necessary, and all that is 
needed is to keep the bone from bending at 
the fracture. This can be done efficiently 
by means of a plaster spica, which can be 
applied at this stage without any pain. The 
plaster spica needs much less attention 
than the Thomas splint and im it the child 
can be looked after quite well at home. The 
only reason for changing from the Thomas 


and the plaster spica applied. The child is 
sent home in this, to stay in bed there, and 
to report back to the out-patient depart- 
ment when the plaster is to be removed— 
about ten weeks after the injury. In young 
children with long oblique fractures, this 
time is shortened, but in older children 
with transverse fractures, it is lengthened. 
This average time of ten weeks errs some- 
what on the side of safety. During the last 
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three years only one refracture has occurred 
after walking was started, but this was 
produced by an injury severe enough to 
break a normal bone. 

After the removal of the plaster the child 
is kept in bed for a further week and 
encouraged to kick the limb about. He 
then starts to get up. After a further month 
he is usually able to walk without any 
limp, with fair movement at the knee, and 
the muscle atrophy has partly disappeared. 


Fractures of the upper third of the shaft. 


seldom cause much trouble. Most of them, 
after two or three days in a Thomas splint 
with extension, are found to be in satisfac- 
tory position and no change is made. Occa- 
sionally it is found that the upper fragment 
is flexed forward considerably and the 
lower fragment is displaced backward with 
sometimes a space between the two frag- 
ments. By vertical extension the two frag- 
ments can be made parallel, but the 
backward displacement cannot be corrected 
and, in a Thomas splint, the tightening of 
the sling under the lower fragment does 
little to correct the displacement. For these 
cases we use a form of Hodgen’s splint 
(Fig. 2) which is really a Thomas splint 
with the back half of the ring cut off. The 
Jongitudinal extension is obtained in the 
same way as it is with the Thomas splint, 
but the top sling is placed under the upper 
end of the lower fragment, and the top end 
of the splint, and with it the sling and 
fragment are pulled strongly in a forward 
direction by a weight over a pulley. This 
brings the two fragments into contact 
(Fig. 3), but with a considerable forward 
angulation. This position is maintained 
until the fragments are more or less fixed 
together by a union that is still flexible, 
that is for about two and a half weeks. The 
forward pull is then lessened and the two 
fragments allowed to fall back together and 
the forward angulation is straightened. 

In lower third fractures, the position is 
found satisfactory in most cases. Some- 
times, however, there is a bad posterior 
angulation of the lower fragment and this 
is difficult to correct by the Thomas splint, 


JULY, 1940 


even by bending it at the knee. It is well 
known that this displacement is usually 
easily corrected by some form of skeletal 
traction, and we use this method in chil- 
dren, but even when skeletal traction is 
used, it is much easier to get a satisfactory 
position if it is applied during the first few 
days. 

With small infants the Thomas splint is 
not satisfactory. In these infants the verti- 
cal suspension of both legs by the Bryant 
method provides adequate extension, is 
clean and comfortable, and while the posi- 
tion is sometimes far from perfect, the 
functional result is usually excellent. A 
short Bradford frame (Fig. 4) is used to 
which are fixed two metal uprights with a 
crossbar at the top, and to this the legs are 
suspended by adhesive extension. I think 
that it is better to fasten the extensions to 
this crossbar with the buttocks hanging 
free, than it is to suspend them by any 
weight and pulley. The older the child 
becomes, the more difficult it is to obtain 
adequate extension by this method unless 
only one limb is suspended, or unless a 
counterweight is used and the pelvis fixed 
by a tiedown as suggested by Conwell.1 We 
have found it better and now make it 
routine practice to treat every child over 
the age of 2 years with a Thomas splint. 
The Thomas splint is efficient and com- 
fortable and can be kept reasonably clean 
with these small children. 

During the last three hospital years, that 
is between October 1, 1935 and Septem- 
ber 30, 1938, there have been admitted to 
the Sick Children’s Hospital 212 patients 
with 218 recent fractures of the shaft of the 
femur. Of these patients, two died, both 
from extensive intracranial injuries. Sev- 
eral had other injuries, some of them 
severe, but none of them had a severe 
injury of a large artery or nerve in the 
damaged thigh. Only two of the fractures 
were compound and in both the wounds 
healed up without any bone infection. 

Of the 216 fractures in children that 
lived, fourteen were in children under the 
age of 2 years. These were all treated by 
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vertical suspension. They all united within 
a reasonable time and, while the x-ray 
appearance was sometimes far from perfect, 


the functional result was apparently good 
In every case. 

Of the 202 fractures in children over the 
age of 2 years, 162 were in the middle 
third, twenty-five in the upper third, and 
fifteen in the lower third. Of the 162 middle 
third fractures 148 were treated in a 
Thomas splint with adhesive extension, 
seven were treated in a Thomas splint with 
a Kirschner wire extension, three had an 
open operation done and four were treated 
in a simple plaster spica with no extension, 
because the fracture was incomplete and 
without displacement. Of the twenty-five 
upper third fractures, the position in 
nineteen was considered satisfactory in the 
Thomas splint, and this treatment was 
continued, but six were transferred to a 
Hodgen’s splint to correct a backward 
displacement of the lower fragment. Of the 
fifteen lower third fractures, six had 
Kirschner wires inserted. 

All these fractures united. Union took 
place within a reasonable time and, unless 
there was some complication elsewhere, all 
the children were taking weight on the 
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injured leg within three months of the 
injury. There was no definite delayed 
union and no nonunion. In no case was 


Fic. 4. Vertical suspension for treatment of fractures of the femur in infants. 


there any bending at the fracture on 
weight-bearing, although in one case the 
fracture recurred as the result of a fairly 
severe injury. 

In only one case was there a deformity 
that was considered sufficiently severe to 
require correction. In this case the bone 
became rather badly bent while it was still 
in plaster, because the child, contrary to 
instructions, was allowed to walk on it. In 
all the other patients the position was 
considered satisfactory, and in none of 
them was there enough difference in the 
length of the limbs to require a lift under 
the shoe. 

The knee stiffness varied in duration. 
Very often there was a full range of move- 
ment two weeks after the removal of the 
plaster, but sometimes some limitation of 
movement persisted for as long as two 
months. In this series there was only one 
case of prolonged limitation of movement, 
and this occurred in a fracture that had 
been plated and had become infected. 

With this method of treatment, acci- 
dents sometimes happen. In one case when 
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the patient was operated on and plated, 
infection took place, but the wound has 
now been healed for some time. In one case 
a Volkmann’s paralysis occurred, probably 
due to a bandage that was too tight. It was 
followed by a fibrosis and shortening of the 
calf muscles and a tendon lengthening was 
later done. Anesthesia has now disappeared 
and the patient is able to walk without a 
limp, and has fair power in his calf. Two 
cases of peroneal palsy appeared, caused by 
pressure of a sling in the region of the neck 
of the fibula. Both these recovered com- 
pletely in about six weeks time. These four 
mishaps were, in this series of 216 fractures, 
the only ones of any severity that could be 
blamed on the treatment. 


CONCLUSIONS 


I have tried to impress the need of 
getting these fractures into splints with 
extension as soon as possible after the 
injury, and of getting the fragments in 
satisfactory position during the first week, 
before they have become so fixed that they 
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are difficult to shift. A small number of 
fractures of the shaft of the femur require 
special treatment, and the sooner the need 
for this is discovered, the better the results 
will be. The majority of these fractures, 
however, can be satisfactorily treated with 
the Thomas splint in the tipped-up posi- 
tion. This method of treatment has been in 
use at the Hospital for Sick Children for 
the last twenty years, with practically no 
change. It is extremely simple. It is quite 
comfortable to the patient throughout its 
whole course, it causes very few accidents, 
and with extremely few exceptions the 
results are entirely satisfactory. With us 
the method has been so satisfactory that, 
beyond the fact that a hospital bed is 
occupied for about four weeks, a fracture 
of the femur causes less worry and trouble 
than many other fractures. 
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OVERGROWTH OF THE FEMORAL SHAFT FOLLOWING 
FRACTURE IN CHILDREN 


ALEXANDER P. AITKEN, M.D. 


BOSTON, MASSACHUSETTS 


EVERAL cases of compensatory over- 
growth and some cases of lengthening 
following fracture have been reported 

by H. Earle Conwell, W. H. Cole and by 
Burdick and Sirius. 

At the Boston City Hospital we have 
made a study of the end results in seventy- 
one cases of fracture of the femoral shaft 
in children under 16 years of age. These 
cases have been followed from three months 
to eight years. In this group we have used a 
film 4 feet long with a special cassette, the 
child standing erect on a level lead plat- 
form, the tube placed at a distance of 
7 feet. 

The cases may be divided into two age 
groups: one 13 years of age or older, the 
other 12 years of age or younger. 

The older group contains six cases, and 
the average duration of time since fracture 
is five years. All fractures either were 
anatomically reduced or had lateral dis- 
placement without shortening. At the 
present time in five cases an average short- 
ening of 1 cm. is present. The remaining 
patient, 13 years of age at the time of 
fracture, shows 0.6 cm. lengthening. The 
epiphyses are closed so the lengthening in 
this case is permanent. 

In the group 12 years of age or younger 
there have been sixty-five cases. This group 
differs markedly from the older classifica- 
tion, in that all but one show lengthening 
of the femur from the position on discharge. 
In nine cases anatomic reduction was 
obtained. In one there is now no difference 
in the length of the femora, while in the 
remaining eight cases the fractured femur 
averages 1.1 cm. longer, an amount suffi- 
cient to tilt the pelvis and cause a slight 
scoliosis. Seven patients were discharged 
with lateral displacement but no shorten- 


ing. These also show lengthening, the 
average being 1.1 cm. One patient, over- 
pulled by 0.7 cm., is now 1.7 cm. longer. 

Eight open reductions were performed. 
Anatomic position was maintained in four 
cases and these femora are now I cm. 
longer than the sound limbs. In four cases 
bowing occurred despite the plate, shorten- 
ing the femur an average of 0.8 cm. These 
cases now average 0.8 cm. lengthening, an 
average overgrowth of 1.6 cm. from the 
position on discharge. 

Thirty-eight patients were discharged 
with complete displacement and over- 
riding. In twenty-one cases the fractured 
femur is now actually longer than the 
sound one. In nine of these cases, the 
average shortening was 1.2 cm. and the 
average lengthening is now 0.4 cm., an 
overgrowth from the position on discharge 
of 1.6 cm. In twelve patients discharged 
with shortening of 0.6 cm., there is now an 
average lengthening of 0.7 cm., an over- 
growth from the position on discharge of 
1.3 cm. In seventeen cases there is still 
some shortening. The average shortening 
on discharge in eleven cases was 1.3 cm. 
and is still 0.5 cm. In six cases the average 
shortening was 0.6 cm. and is now 0.2 cm. 

From the above figures it can be seen 
that those cases showing the most shorten- 
ing on discharge also showed the most 
overgrowth. Apparently the greater the 
displacement, the larger the callus and the 
longer it persists. Hence there is a longer 
period of periosteal hyperemia and epi- 
physeal stimulation. 

Overgrowth of 1 cm. occurred in two 
cases of pathologic fractures through bone 
cysts. 

There were nine cases of fracture within 
the past year. In two cases of under 
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six months’ duration, the overgrowth 
amounted to 0.3 cm. In seven cases of six 
months’ to one year’s duration, the average 
overgrowth was 1 cm. Overgrowth thus 
occurs while the callus is still present, 1.e., 
during the first year. 

The same relative overgrowth occurred 
in the upper, middle or lower third, regard- 
less of whether the fracture was spiral, 
transverse or comminuted. Although this 
overgrowth has been described as com- 
pensatory, the fact that anatomic reduc- 
tions show the same degree of overgrowth 
leads us to believe that it is not a true 
compensation but rather due to epiphyseal 
stimulation resulting from periosteal hyper- 
emia. Others believe that any overgrowth 
is balanced by the time of epiphyseal 
closure. This may be true. However, in six 
cases in which epiphyseal fusion has 
occurred, the femora are still 1 cm. longer. 
In three other patients, now 17 years of age 
and in whom fusion is about to occur, the 
average overgrowth is 1.3 cm. The average 
time since fracture is seven years. In these 
nine cases at least we believe the lengthen- 
ing Is permanent. 
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In presenting this paper we are well 
aware that our figures are only relatively 
accurate. The original roentgenograms 
were not taken at a distance of 7 feet; 
measurements of such plates cannot be 
accurate, and some distortion is invariably 
present. We are also aware of the fact that 
it is not uncommon to find normal children 
with one extremity longer than the other 
without a history of bone infection or 
trauma. The consistent finding of lengthen- 
ing on the fractured side we do believe is 
significant of overgrowth due directly to 
trauma. 


SUMMARY 


In fractures of the femoral shaft in 
children under 13 years of age, we can 
expect an average overgrowth of 1 cm. 
from the position on discharge, regardless 
of method of treatment. In anatomic 
reductions a tilted pelvis and a slight 
scoliosis may be produced. 

If a child can be compensated for a leg 
that is 14 inch short, why should not similar 
compensation be given for one that is 4 
inch long as a result of fracture? 
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TREATMENT OF FRACTURES OF THE SHAFT OF THE 
FEMUR BY SKELETAL TRACTION AND 
THOMAS SPLINT* 


Grorce W. Van Gorper, M.D. 


BOSTON, MASSACHUSETTS 


N important milestone was passed in 
the history of fracture treatment, 


when, during the Great War, skele- 
tal traction was introduced and established 
as the simplest and most effective method 
of treating fractures of the femur. Its 
superiority over other methods of traction 
was early recognized, and there is no 
further need of proving its value. Since its 
advent, all forms of skin traction have been 
used less and less and have come to be 
considered inadequate, or should be so 
considered, for the proper care of fractures 
of the shaft of the femur in adults. 

This report concerns all fractures of the 
femur treated by skeletal traction in the 
Massachusetts General Hospital during 
the past fifteen years. The patients were 
treated by different surgeons on three 
separate surgical services and, while a 
Thomas splint and skeletal traction were 
universally employed, the minor details of 
treatment varied with the individual sur- 
geon. In other words, this report represents 
the combined experience of a number of 
surgeons. If the end results appear to be 
satisfactory under such a régime, it is only 
fair to assume that, with a centralized 
organization or control by a real fracture 


service, the results would be far better. 


The total number of patients treated by 
skeletal traction with Thomas splints was 
fifty-eight, of whom four were under 
10 years of age and two over 70. The sex 
ratio showed forty-four males and fourteen 
females. Fifty-one of the fractures were 
simple and seven were compound. 

In eleven patients adhesive plaster skin 
traction was first used and found to be 
inadequate in every instance. Various types 
of skeletal traction were employed: ice 


tongs in thirty-six cases; Kirschner wires in 
eighteen; and Steinmann pins in four cases. 
Needless to say, since the introduction of 
the Kirschner wire, the ice tongs and 
Steinmann pins have been discarded and 
all skeletal traction now used is of the 
Kirschner wire type. 

I need not here describe the technique of 
introduction of a Kirschner wire, although, 
in certain cases of supracondylar fracture, 
the proper placement of the wire is of 
paramount importance. In those instances 
where the supracondylar fracture lies close 
to the knee joint, it has been our custom in 
the past to insert the Kirschner wire into 
the crest of the tibia just below the tibial 
tubercle and to pull through the slightly 
flexed knee joint in a line as nearly parallel 
to the plane of the tibia as possible. In this 
manner, the traction force is transmitted 
through the joint with the least amount of 
strain on its ligaments. A common fault 
and a serious one is to flex the knee too 
much, which vitiates the pulling force if 
transmitted along the line of the tibia, or 
causes a dangerous shearing force on the 
joint if transmitted in the line of the femur. 

Because of this danger and the difficul- 
ties of controlling the distal fragment in 
many cases, we have arrived at the belief 
that open operation with internal fixation 
is the treatment of choice in this type of 
fracture. This avoids long fixation of the 
knee or strain upon it, restores bone length 
and alignment, and gives an earlier and far 
better functional result. 

In intertrochanteric fractures with com- 
plete separation of the fragments, where 
the femoral shaft rotates externally and 
internal rotation is desired, again the 
proper placement of the Kirschner wire will 


*From the Fracture Clinic, Massachusetts General Hospital. 
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readily maintain the internal rotation while 


traction is being applied. 
In the fracture apparatus commonly 
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When more than the normal amount of 
traction is required, as in cases of over- 
riding with early callus formation present, 


Supracondylar Fractures of the Femur 
Treated by skeletal traction 


CORRECT 


INCORRECT 


Fic. 1. Correct and incorrect methods of traction. 
Supracondylar Fractures of the Femur 
Treated by skeletal traction 
From the crest of the Tibia 


Correct method 


Incorrect method 


a.-Produces strain on ligament of knee 
b- Inefficient for bone length 


Fic. 2. Correct and incorrect methods of traction. 


employed in this series of cases the Thomas 
splint simply suspends the leg while the 
traction force is exerted against the pa- 
tient’s body weight. A Pearson attachment 
Is applied to the Thomas splint in all 
Instances to allow flexion and extension 
of the knee, while traction continues 
undisturbed. 


the pulling force is exerted against the 
patient’s ischial tuberosity and the lower 
end of the Thomas splint is fixed to the bed 
or Balkan frame. 

In compound fractures with extensive 
sepsis where pus has a tendency to gravi- 
tate along muscle and fascial planes, it is 
sometimes necessary to prevent the spread- 
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ing of the infection by changing the posi- 
tion or plane of the fractured leg. The usual 
position of the femur while under traction 
treatment requires the knee joint to be at a 
higher level than the hip, which means 
that infection, if not recognized or uncon- 
trolled, will gravitate toward the depend- 
ent gluteal area. To offset this tendency 
and to control the optimum level for the 
femur, it is often necessary to raise the 
head of the bed until the femur is hori- 
zontal or the knee joint lower than the hip. 
At the same time, a support should be 
placed in the foot of the bed, against which 
the patient can rest his free unsplinted foot. 
Otherwise, his body weight plus the trac- 
tion force might result in excessive pressure 
against the Thomas ring. 

The complications of skeletal traction 
are not numerous, but can be both em- 
barrassing and serious. In this series of 
fractures, all the complications, except one, 
occurred with ice tongs. In four cases, the 
ice tongs slipped out of position; in three 
cases, patients were uncodperative and 
removed the tongs; in two instances, the 
tips of the ice tongs broke off; and in one 
patient, an infection of the bone resulted 
from their use. The only complication 
encountered with Kirschner wires was a 
breaking of the wire in one case. 

The danger of overpulling with the use 
of skeletal traction should be mentioned in 
passing, since, as is well known, it predis- 
poses to nonunion. One patient in this 
series had to undergo Jater operation on this 
account and another had delayed union for 
the same reason. 

In fourteen cases of the total of 58, 
skeletal traction was given up during the 
course of treatment. (Table 1.) 


TABLE I 
REASONS FOR ABANDONING SKELETAL TRACTION 
No. of Cases 
Unsuccessful reduction.............. 7 


Compound fracture—fulminating in- 
fection—amputation.............. I 
Delirium tremens—kept removing ice 


Operator’s choice. I 
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Reduction of the fracture by skeletal 
traction was unsuccessful in seven cases. 
In only one of these was definite interposi- 


Intertrochanteric Fracture 


With external rotation of shaft 
Treated by skeletal traction 


The correct position 
of the wire to maintain 
internal rotation. 


Fic. 3. 


tion of muscle found between the bone 
fragments at operation. In the remaining 
six, One patient with a transverse mid and 
lower third fracture failed to obtain satis- 
factory reduction with 25 pounds of ice 
tong traction and had an open reduction 
with plating. Another with a spiral lower 
third fracture was treated by adhesive 
plaster traction for three days, ice tong 
traction for eight days, and then, because 
of unsatisfactory position, had an open 
reduction with Parham band fixation. A 
third patient, 9 years of age, with a trans- 
verse mid third fracture, had two un- 
successful attempts at closed reduction, 
followed by traction with a Steinmann pin 
in the os calcis. The position of the bone 
fragments was considered unsatisfactory 
and the femur was plated. A fourth patient, 
an imbecile, with a comminuted mid and 
lower third fracture had Steinmann pin 
traction through the tibial crest without 
success; full length was obtained, but the 
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. lateral displacement could not be overcome Satisfactory reduction was not obtained 
and open reduction with plating was per- and the fractures were accordingly plated. 
formed. The fifth and sixth patients had There were three cases of nonunion in 
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Fic. 5. Method used when maximum traction is required. 


transverse mid third fractures which were _ this series, one of which could be definitely 
treated with Kirschner wire traction. attributed to too much traction or overpull 
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with ice tongs. This patient later had bone 


grafting done. 
In another patient, the Kirschner wire 
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The twelfth patient had delirium tremens 
at the time of his fracture and kept re- 
moving his ice tongs and suspension appa- 


~ 


Fic. 6. Method of treatment employed in compound fractures 
of the femur with extensive repairs. 


broke one month after insertion and, since 
the bone fragments were in good position, 
the leg was placed in a plaster spica. Un- 
fortunately, the patient did not return to 
the follow-up clinic for several months, 
when it was found that the femur had 
bowed laterally and there was nonunion. 

Another patient, 67 years of age, with 
severe diabetes had already had bilateral 
amputations of both lower legs for diabetic 
gangrene before fracturing the mid third 
of his right femur. Normal healing of the 
fracture did not take place and nonunion 
resulted, for which he had a mid-thigh 
amputation. 

Still another of the fourteen unsuccessful 
skeletal traction cases was a patient who 
sustained a severe compound supracondylar 
fracture that was treated by Kirschner wire 
traction at the tibial tubercle. The infec- 
tion in this case could not be controlled and 
became so fulminating that a guillotine 
amputation was necessary as a life saving 
procedure. 


ratus. Open reduction with bone plating 
was finally resorted to. 

In the thirteenth case a simple transverse 
mid third fracture was treated by Kirsch- 
ner wire skeletal traction for three weeks. 
At the end of that period, the patient’s 
surgeon decided to do an open reduction. 
(Reason not stated.) From the appearance 
of the x-rays it would not be fair to assume 
that skeletal traction had failed, so the only 
reason given for discontinuing the skeletal 
traction is “‘operator’s choice.” 

The last case was a patient who had 
multiple compound fractures with extreme 
shock. He had three transfusions and 
rallied from his shock so that a Kirschner 
wire was inserted into his os calcis. Four 
days later, however, pneumonia set in and 
resulted in death. 

Period of Hospitalization. In forty-five 
cases the time in the hospital is recorded. 
Six had a protracted stay of from four to 
six months. Including these, the average 
hospital stay for the entire forty-five pa- 
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tients would be eleven and one-half weeks. 
If these six cases are excluded as excep- 
tional, the average hospital stay for other 
patients with fractures of the femur treated 
by skeletal traction alone would be ten 
weeks. 

Leg Shortening. The statistics regarding 
leg shortening are, of course, important. 
An analysis of the cases treated by skeletal 
traction alone shows that in forty-one re- 
corded cases no shortening occurred in 
twenty-four; lengthening in four; and 
shortening in thirteen, or 31 per cent. In 
the thirteen cases having shortening this 
was from 14 to 3 inches, averaging 7 inch. 
It is well known of course that statistics 
of this sort can be very easily altered by 
only one or two exceptions; we had one 
case of 3 inch shortening, in a terribly 
obese, unruly individual, who suffered from 
incontinence, pressure sores, and ice tong 
difficulties. 

Knee Joint Motion. The degree of knee 
joint motion following skeletal traction 
treatment was recorded in forty-three 
cases: thirty-one had normal knee motion; 
eleven, or 25 per cent had limitation of 
motion; in one case there was no motion 
(fused). Analysis of the eleven cases with 
limitation of knee joint motion shows that 
the maximum limitation was a total range 
of motion of only 20 degrees and the aver- 
age limitation was a total range of 76.5 
degrees. 

Return to Work. The time that elapses 
between the date of injury and the date 
when the patient resumes his former work 
is, of course, important from an economic 
point of view. However, we have such data 
in only twenty-four cases. In the adults, 
the average length of time between the 
accident and return to work was seven and 
one-fourth months. 

End Result Rating. The anatomic (A), 
functional (F), and economic (E) results of 
the injury have been evaluated in each 
case and expressed in terms of 0, 1, 2, 3, 
and 4, four being the highest rating and 
representing an “‘excellent” result; 3, a 
“good” result; and 2 or less, a “ i 
result, 
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On this basis, the forty-four fractures 
treated by skeletal traction alone showed 
twenty-five (57 per cent) with a perfect 
rating of A.F.E,. The remainder showed 
30 per cent good, 5 per cent fair, and 8 per 
cent poor results. For all practical purposes, 
in 87 per cent of the cases the results can 
be considered satisfactory. If the average 
anatomic, functional, and economic ratings 
were expressed for the entire forty-four 
cases, they would be A3.5F3.6E3.5. 

This paper is not intended to be a plea 
for the use of skeletal traction in the treat- 
ment of fractures of the shaft of the femur; 
rather is it an honest attempt to show what 
happened when skeletal traction was used 
in the ordinary run of civilian patients by 
a combined group of general surgeons and 
orthopedic surgeons in a large city hospital. 
It is a kind of cross section study that 
represents the average end results that 
might be expected from the use of skeletal 
traction in the treatment of fractures of the 
shaft of the femur. 


SUMMARY 


Fifty-eight fractures of the shaft of the 
femur treated by skeletal traction have 
been analyzed and the following facts 
ascertained: 

1. The average hospital stay of the pa- 
tients was eleven and one-half weeks. 

2. There were three cases of nonunion. 

3. Thirteen cases of a total of forty-one, 
or 31 per cent, in which leg length was 
measured a year or more after treatment, 
showed some shortening, the average in the 
thirteen cases being 7 inches. 

4. Knee joint motion was limited in 
eleven of forty-three recorded cases, or 
25 per cent, the average limitation being a 
total range of 76.5 degrees. 

5. The average time that elapsed be- 
tween the date of injury and the date when 
the patients returned to their work was 
seven and one-fourth months. 

6. The result rating of these fifty- 
eight patients showed 47 per cent excellent, 
30 per cent good, 5 per cent fair, and 8 per 
cent poor results. 
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THE RUSSELL TRACTION METHOD OF TREATING 
FRACTURES OF THE FEMUR 


Joun Duntop, M.D. 


PASADENA, CALIFORNIA 


HIS report is not complete, due to the 
short amount of time at our disposal 
and the large amount of material to 
be reviewed. I wish here to express my 
appreciation of the valuable assistance 
given me by Dr. Stanley Haft in making 
the statistical review of the clinic cases. 
This study is based on a twofold experience: 

1. In our private practice, where twenty- 
three out of thirty-seven cases of fractures 
of the femur have been treated by the 
Russell traction method, his teachings hav- 
ing been fairly closely followed throughout. 

2. A review of clinic material, including 
the years 1936, 1937, and 1938, during 
which time 314 cases of a total of 741 frac- 
tures distal to the neck, received this 
method for at least part of their treatment. 
This group was under the supervision of a 
large number of attending surgeons and 
numerous residents, and can in no way be 
considered a study of a single group of 
cases, any more than if they had been cared 
for at separate hospitals. However, no at- 
tempt has been made to separate them 
according to services of any particular 
group of attending men. 

To havea clear understanding of Russell’s 
method of treating fractures of the femur, 
and before one undertakes to use this 
method, one should read carefully and 
understand every principle laid down by 
him in his now famous paper on the sub- 
ject, published in the British Journal of 
Surgery in 1924. 

The important thing to remember in 
fractures of the femur, is that when the 
shaft of the bone is broken, shortening 
occurs due to elasticity of the muscles of 
the thigh which are attached to the pelvis 
above, and to the lower leg bones below. 
Therefore, in order to restore the normal 
contour it is necessary to pull the thigh 


out to its normal length. (Fig. 1.) Russell 
states ““when we have accomplished this, 
every other structure in the thigh will be 
in a correct position, including the frag- 
ments.” Accepting this as true, it then 
becomes necessary to design an apparatus 
which will produce just this type of force. 
In order to apply such a force most effi- 
TABLE I 


INTERTROCHANTERIC AND SHAFT FRACTURES 
OF FEMUR—74I CASES 


Total Cases | Russell Traction 
Intertrochanteric. . 1936—142 17 
1937—I13 29 
1938—161 114 
Total 416 160 
1936—122 44 
1937— 98 41 
1938—105 69 
Total 325 154 


Location of Shaft Fractures—Russell Treated 


Upper Third Middle Third Lower Third 


41 67 46 


ciently, it must be so done as to produce 
the least amount of discomfort, as it is 
only under such conditions that muscle 
contraction is dissipated and the desired 
results obtained. Russell found that by 
handling a fractured thigh as illustrated 
(Fig. 1), with the knee flexed and at the 
same time with a pull on the lower leg, he 
could put the patient at ease so far as 
localized pain in the fracture site was con- 
cerned. It was to reproduce this force and 
to hold it indefinitely that the apparatus 
was devised. His own words are most im- 
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pressive, “‘I must devise some means of 
doing what I am now doing; something 
which will not tire, that will make the limb 
absolutely comfortable and in that way 
favour the return of mental quietude.” 


TABLE II 
INTERTROCHANTERIC AND SHAFT FRACTURES OF FEMUR 
TREATED BY RUSSELL TRACTION 


Inter- 
tro- 
ch an- Shaft 
teric 
Days in subsequent plaster fixation. ...| 64 93 
Disability average—months........... 8.7 | 8.66 


* None counted when in traction less than 21 days. 


The apparatus consists of a sling below 
the knee, in order to lift the knee upward, 
and traction to the leg to pull the leg 


downward. It will be noticed from Figure 1 - 


TABLE III 
COMPLICATIONS OF INTERTROCHANTERIC AND SHAFT 
FRACTURES OF FEMUR TREATED BY RUSSELL TRACTION 


Inter- 
tro- 
Shaft 
teric 
Loss of corrected position............. 31 8 
In traction less than 21 days........ 25 2 
In traction more than 21 days....... 6 6 


that the surgeon is also making somewhat 
of a downward pull with the hand that is 
lifting the knee, and so the apparatus is set 
up to reproduce these pulls. (Fig. 2.) The 
sling under the knee is attached to a cord 
passing through a pulley overhead and a 
little more toward the foot of the bed, so as 
to simulate the line of lift somewhat toward 
the foot. The cord is brought to a pulley at 
the foot of the bed, then about a pulley 
attached or incorporated in a spreader 
block for the traction material, thence to 
another pulley at the end of the bed. The 
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pulleys at the end of the bed should be so 
placed as to keep the two cords leading 
from them to the spreader block parallel, 
as much more force can be obtained by 
such a set-up. Next, a pillow is placed 
under the injured limb in such a manner as 
to support the distal fragment to prevent 
the displacement due to the force of grav- 
ity, and also to elevate the heel so that it 
will clear the surface of the mattress. The 
foot of the bed is elevated on blocks, to 
prevent the patient, through the action of 
the counterweight of his body, from con- 
stantly sliding footward. (Fig. 3.) 
TABLE Iv 


MORTALITY OF INTERTROCHANTERIC AND SHAFT 
FRACTURES OF FEMUR 


Inter- 
tro- 
Shaft 
teric 
Russell traction—total cases........... 160 | 154 
Deaths—Russell traction Iess than 21 
Deaths—Russell traction more than 21 


In order to fix the overhead pulley it is 
necessary to have some kind of a bar to 
which it can be attached, as well as a 
trapeze or handle, by which the patient 
may lift himself or change his position at 
will, without disturbing the fixation ac- 
quired from the balanced traction thus 
obtained. The few ways in which we have 
changed the parts, but in no way the 
principle, are as follows: The spreader block 
contains within it a wheel, rather than a 
pulley attached to a block. The clamp used 
for the stockinette contains within it a 
heavy felt padding, which seems to cause 
less irritation than the material bunched 
up under the knee. 

Since the apparatus is so finely balanced, 
we use a small finely made rope or large 
cord, so as to produce as little friction as 
possible. In several of the illustrations 
which have been published, and even in the 
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illustration in Russell’s first paper in 1921, this pulley. The other most important 
the overhead pulley was placed too far thing in the set-up is the proper placement 
toward the head of the bed, so that the pull of the pillows under the thigh, to prevent 


Fic. 1. Manipulation to draw out the thigh muscles, the direction of the force exerted 
being indicated by the arrows. (From Russell, in Brit. J. Surg., 11: 491, 1924.) 


was slightly up and antagonistic to the displacement due to gravity, and to pro- 
horizontal pull on the leg. One has only to duce the desired amount of knee flexion. 
have this apparatus applied to oneself to One writer states that this knee bend 
notice the tremendous difference in pull, should be a quarter of the total normal 


Fic. 2. Mode of action of the two forces employed. a, correct position. 
B, faulty position. (From Russell, in Brit. J. Surg., 11: 491, 1924.) 


depending upon the position of the over- knee flexion. At least it should be such 
head pulley, and the angle of the rope that the resultant force is a direct extension 
leading from the sling about the knee to of the line of the thigh. 


Ge 
S| 
\ 
= 
: — 
| 


15 8 American Journal of Surgery Dunlop—Russell Traction JuLy, 1940 


Fic. 3. Showing the application of the sling. (From Russell, in Brit. J. Surg., 11: 491, 
1924.) 


- Fic. 4. Apparatus as used by the author, completely and correctly set up. Note 
ag (1) angle of knee flexion, (2) pillow to support leg, (3) angle of rope from sling 
| under knee to pulley overhead, (4) parallel ropes from pulley attached to 
traction block to double pulley at end of bed, (5) elevation of foot of bed, (6) 
monkey bar to facilitate patient’s handling himself for nursing purposes. 
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Russell states that 8 pounds of weight is tion with the lighter weight. Possibly the 
sufficient to reduce most fractures in adults. most important detail is the position of the 
In some rare instances 10 pounds may be overhead pulley, a wrong position resulting 


Fic. 5. Materials used in setting up Russell traction. From left to right in back 
row applicators, Ace, adherent, reinforced canton flannel, Ace bandage, 
block with pulley. In front row: scissors, weights of 1 to 5 pounds, spreader 
clamp, 6 inch stockinette and felt, small sized rope. 


necessary. In children, from 14 to 4 pounds _ in a diminution of the proper pull from the 
are found sufficient. Others have found it lighter weight. It is also important not to 
necessary to use up to 12 pounds. From our forget the action of the adductor muscles. 


Cc 

‘Fic. 6. L. R., age 76. Injured October 16, 1937. Released December 21, 1937. A, fracture at base of 

the neck (sometimes termed intertrochanteric). B, perfect alignment the day after application of 
the Russell traction. c, excellent healing after forty-one days. 


experience, I would say that other factors If the leg is placed in too much abduction 
or mistakes in set-up may be responsible or if too great a weight is applied, which 
for the lack of ability to get a proper reduc- tilts the pelvis and in that way throws the 
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leg into abduction, the proximal fragment his type of traction. I should like to add 
is drawn mesially by the tense adductors. emphasis on the necessity for proper 
Instead of helping the alignment by the arrangement of the pillows, which is of 


Fic. 7. H. P. Injured March 13, 1938. End result October 25, 1938. Good alignment and 
healing of a badly comminuted intertrochanteric fracture of the left femur. Prac- 
tically no coxa vara resulted. 


Fic. 8. C. C. Excellent example of a subtrochanteric fracture treated by Russell 
traction. Resulted in good weight-bearing alignment. 


addition of more weight, we have thus such great value in preventing the mal- 
produced malalignment. alignment due to gravity. Especially must 

Russell particularly emphasized the one learn just how much of such support 
elimination of pain and fear in the use of is necessary in those fractures where there 


q 
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aq is a short proximal fragment which in the sary for correction of the misplacement. 
sony beginning has such a tendency to be drawn Muscle spasm resulting from a condition 
up into an acutely flexed position by the of pain and fear is sure to throw the frag- 


A B Cc 
Fic. 9. E. S. Excellent example of what not to do. a, original film, showing intertrochanteric 
fracture. B, four days later, after application of Russell traction, showing fair reposition. 
Traction removed after thirteen days and a plaster cast applied. c, shows severe coxa vara, 
result of removing traction too early. 


action of the ileopsoas muscle, and those ments out of position, even though one 
; cases with a short lower fragment, that has been successful in obtaining a correct 
E tend to be drawn backward by the gas- alignment. 


A B 

Fic. 10. L. H. Brought to hospital July 6, 1937 in plaster cast. a, badly comminuted and spiral frac- 

‘ ture of left femur, involving the trochanter and including a fracture at the base of the neck. B, 
x-rays taken July 12, showing alignment of fragments after application of Russell traction. 


trocnemius. It is particularly important, in Ryan! stated in 1927: “In addition to 
the latter type of fracture, to determine the _ the properties of contraction and of relaxa- 
exact amount of flexion of the knee neces- tion the living muscle exhibits the phe- 
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nomenon of ‘tone.’ By muscle tone is 
meant a state of continuous shortening or 
contraction which under normal conditions 


Dunlop—Russell Traction 


JULY, 1940 


the production of muscle tone. Royle has 


shown that the sympathetic nerves which 
supply the voluntary muscles have control 


2:11:38 LT 958! 


Fic. 11. Later films of the same case shown in Figure 10. This case is an excellent example of 


the value of Russell traction. 


is slight in extent and variable. This condi- 
tion is supposed to be dependent upon 
subminimal nerve impulses which are being 
continually sent into the muscles by 
external influences. It may be beneficial in 


over ‘plastic tone,’ whereas the medullated 
nerves control the ‘contractile tone,’ both 
of these properties being the result of 
reflected sensory stimuli and in the produc- 
tion of deformity in fractures are due to the 


Fic. 12. J. R. a, comminuted short spiral fracture of upper third of left femur. B, four days later, 
shortening has been overcome. c, excellent alignment and healing. 


maintaining the nutrition of the muscle, 
regulating the heat of the body and causing 
a rapid response for a sudden voluntary 
contraction. The sensory and motor nerves 
therefore play an equally important réle in 


effort of the patient to maintain stability of 
the injured limb and sensory stimuli from 
the irritation of the fractured ends. 

“It is essential, then, that the thigh 
should be immediately returned to a condi- 


= 
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oe tion of muscular equilibrium by extension demonstrated in my own experience, and 
: and a comfortable position as soon as I feel that I cannot emphasize it too 
strongly. 


possible after fracture occurs. 


cture of the right femur, almost transverse. Application of Russell trac- 
tion resulted in good alignment. 


Gentleness in handling the patient and In a recent paper on the reduction of 
rearrangement of pillow support is of the transcondylar fractures of the elbow I 
utmost importance, not only in the initial demonstrated? that such fractures could be 
set-up, but particularly throughout the quickly and more perfectly reduced with 


Fic. 13. F. M. Gunshot fra 


B 


Fic. 14. H. A., age 16. A, transverse fracture of the left femur with overriding. B, end result, show- 
ing shortening overcome, good alignment, excellent bone healing. The offset makes for stronger 


bone repair. 
first few weeks when displacement may the patient constantly under the influence 


occur due to the production of either pain of a hypnotic. For that purpose I use 
or fear. This point has been repeatedly sufficient morphine in doses over a peri 
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of twenty-four hours, specifically to control and that other types of treatment than 
just such contractile tone as Royle men- Russell traction were to be preferred. 
tioned. With this eliminated through the Might it not be possible that these unsatis- 


A B 

Fic. 15. H. F. November 5, 1936. A, simple spiral fracture at the junction of the middle and lower 

thirds of the left femur. B, end result, showing excellent alignment of fragments, no shortening 
and good healing. 


action of the morphine, reduction is easily factory results were due to the presence of 
accomplished. Although I have not yet pain and fear, because of improper use of 
used morphine in this manner in fractures the pillow support, or because a hypnotic 


A B Cc 
Fic. 16. W. C., age 28. a, comminuted spiral fracture of the middle and ower thirds of the shaft of the 
femur. June 11, 1936. Russell traction applied June 16, 1936, and patient discharged from hospital 
September 4. Eight pounds of weight used with additional lateral and rotary pull. s, July 28, 
a excellent alignment. c, April 5, 1937, healing excellent, but bone repair not perfect after ten months. 


This is ascribed to too perfect reposition with little periosteal bone repair possible. 


of the femur, I see no reason why the same for complete relaxation was not used? If 
results may not be expected. morphine is employed for this purpose, 
Several reports state that fractures high a sufficiently large dose should be given at 
and low in the femur satisfactorily reduced, regular four or six hour intervals until 


New Series Vor. XLIX, No. 1 


reduction is complete or satisfactory, as 
determined by the portable x-ray. I wish 
to state specifically that this morphine is 
not used to relieve pain. 
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supports. During rounds at a_ hospital 
recently, a secretary called my attention 
to a possible reason for our having been 
unable to reduce an upper third fracture: 


B 


Fic. 17. L. W. W. a, badly comminuted fracture of lower third of shaft of left femur due to injury 
February 26, 1938. B, April 4, good alignment and healing well advanced. 


B 


Fic. 18. I. P. a, badly comminuted fracture of lower third of shaft of left femur. First seen one week 
after accident. Films taken in Thomas transportation splint November 25, 1938. 8B, February 20, 


1939, after release from the Russell traction. 


In connection with the taking of x-ray 
films by the portable machine, it would 
seem unnecessary to warn the surgeon that 
the technician should be most carefully 
instructed in no way to disturb the pillow 


the technician had just taken a picture, 
and every pillow, which had been so care- 
fully arranged, had been removed. 

There is no question in my mind but that 
good results from the use of the Russell 
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traction method are absolutely dependent, 
first, on gentleness in handling, and next on 
following Russell’s teachings to the most 
minute detail. The technique is not hard to 
master, and once acquired will give surpris- 
ingly satisfactory results. 

There are few cases other than neck 
fractures in which the Russell traction is 
not preferable to other methods. However, 
when the leg of the same side is fractured 
below the knee, or there are skin injuries, 
it is not feasible. This applies equally to 
foot injuries of the same side. With com- 
plications and fractures elsewhere in the 
body it may be ideal. 

The method requires a long hospitaliza- 
tion if used to the best advantage, but we 
have used it also in the homes of patients 
with the help of a portable x-ray machine. 

Our review has shown that it is not good 
judgment to take patients out of traction 
early and apply casts, as in many of these 
cases reduction is lost. This is especially 
true of the intertrochanteric fractures, 
where the angle between the neck and the 
shaft had been well reduced and yet slipped 
into a coxa vara position. I doubt that a 
plaster cast can be so applied as to prevent 
such a deformity unless the so-called “well 
leg”’ fixation of Thornton is adopted. If it is 
necessary to discontinue traction, a well 
fitting caliper splint used continuously is 
preferable, and later it is of value in helping 
with early walking. 

We use the Russell traction method 
because: 

1. It 1s easily and quickly applied, even 
though shock may be present, and often it 
helps by the immediate relief of pain. 

2. It is the most comfortable and least 
disturbing form of treatment for the pa- 
tient, especially for nursing purposes, as he 
can so easily change position. 

3. It can be applied without the use of 
an anesthetic, and unless complications 
arise a hypnotic is rarely used. 

4. In older people it is of inestimable 
benefit in preventing chest complications, 
since the patient can sit up. 
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5. It least disturbs the initial blood 
clot at the site of fracture, which is so 
important in early union, especially if 
applied within a few hours of injury. 

6. It least disturbs the general circula- 
tion of the leg. 

7. It allows free access to the thigh for 


. the dressing of compound wounds and 


abrasions. 

8. An x-ray control study is easily 
made. 

g. It is easier to determine when union 
is Occurring. . 

10. There is less subsequent stiffness of 
the hip, knee, and ankle, and less atrophy 
of the leg muscles. 

11. As the leg is in perfect balance, and 
fear and pain have been eliminated, there is 
no force other than gravity actively to 
dislodge the fragments. 

After the apparatus has been applied and 
sufficient time has elapsed—usually a few 
hours—an x-ray study is made to see what 
has been accomplished, and adjustments 
are made according to the findings. These 
adjustments may consist of a change in 
position of the overhead pulley, a change 
in weights, the elevation or lowering of the 
foot of the bed, a change in the thickness 
or the position of the pillows under the 
thigh or leg, abduction or adduction of the 
leg, or possibly the addition of a lateral or a 
rotary traction. 

When the position or alignment is found 
to be satisfactory no further changes are 
necessary, except possibly a change of the 
traction material on the lower leg. This 
occurs possibly once or twice during the 
time of treatment, and can be accomplished 
with the use of ordinary care without 
disturbing the position of the leg. 

We consider reduction satisfactory when 
alignment for weight bearing is good, and 
shortening is overcome. I do not consider 
end-to-end apposition necessary, nor even 
favorable, for early and strong bone repair. 

In our private cases traction is removed 
when we are quite sure that the x-ray 
shows sufficiently solid union to prevent 
angulation. 
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The clinic cases are necessarily handled 
differently. Due to the desire to make the 
hospital stay as short as possible and to 
make space for other patients, traction is 
removed as soon as sufficient fixation has 
occurred to allow application of plaster 
casts without loss of position, at which time 
the patients are removed to a convalescent 
home, or to their own homes. They are 
returned by ambulance from time to time 
for further observation. 

In nearly all instances a caliper splint has 
been worn for protection until bone union 
is complete, accompanied by physiother- 
apeutic methods to restore as normal a 
muscular development as possible, and as 
much movement as can be obtained in all 
the joints of the leg. 


CONCLUSIONS 


The Russell traction is well adapted for 
the initial treatment of all types of fracture 
of the femur from the intertrochanteric 
down to the condyles. The immediate 
relief from fear and pain is most conspicu- 
ous. It practically eliminates the use of 
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hypnotics. With careful instruction in the 
use of the trapeze the patient soon learns 
to move himself freely, thereby eliminating 
all the complications of rigid fixation. 
Alignment is readily obtained quite as 
satisfactorily as is necessary, and the 
complication of stiff joints is minimized. 

If early reductions and alignments are 
not obtained, possibly due to the interposi- 
tion of soft parts, the difficulty is much 
more easily determined, and the necessary 
changes in treatment instituted. Complica- 
tions such as circulatory disturbances are 
readily recognized, and compound wounds 
are open for observation at all times. 

It is not a foolproof type of treatment, 
but with close observation on the part of 
the surgeon, it is remarkable how much 
satisfaction results from its use, both to the 
surgeon and to the patient. 
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FEMORAL SHAFT FRACTURES—PIN AND PLASTER 
METHOD 


Joun Royat m.D. 


PHILADELPHIA, PENNSYLVANIA 


CAST is applied from ankle to 
costal margin (Figs. 1 and 2); two 
circular windows are then cut in the 

cast, one covering the proximal fragment 
and the second covering the distal frag- 
ment. (Fig. 5.) The pins are inserted into 
the femur by means of a drill and hammer 
and then incorporated into the cast. (Fig. 
6.) The cast is then cut in half by the two 
pins. (Fig. 7.) Reduction is obtained by 
means of traction, rotation, etc., depending 
entirely on the position of the fragments. 
(Fig. 8.) Repeated x-rays under the fluoro- 
scope are made to determine the progress 
of the reduction. (Figs. 9, 10 and 11.) 
Caution. The pins must go through 
only the two cortices but not “completely 
transfix the part. (Figs. 12 to 17, inclusive.) 
The plaster is maintained for twelve 
weeks. It is then bivalved and physio- 
therapy started to the ankle, knee and hip. 
The posterior shell is maintained in order 
to give adequate protection to the fracture 
site for a period of four weeks. The brace is 
prepared during this same period and is 


usually applied at the end of the fourteenth 
week. The brace consists of a double bar, 
from ankle to groin, a long thigh lacer, a 
pelvic band, with or without an adjustable 
knee depending on the stability of the knee 
at the time. 

Twenty-one patients have been treated 
by this method, thirteen adults and eight 
children. The average period for firm union 
in adults is sixteen weeks, in children 
twelve weeks. The average brace period in 
adults is four months, in children three 
months. Physiotherapy is administered to 
adults for three to six months, and to 
children for six weeks. We had no case of 
nonunion or delayed union. We have had 
one case of partial knee ankylosis due to 
fixation of the quadriceps secondary to 
extensive comminution at the lower end of 
the femur. (Figs. 18 to 21 inclusive.) 


SUMMARY 


In the hands of the writer this method 
has proved a splendid means of handling 
fractures of the femur. 
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Fic. 1. Above shows the suffering patient and illustrates the fracture deformity. 
Fic. 2. Below we see the patient free of pain in a cast in which there has been 
no attempt to overcome the deformity. 


Fic. 3. Fic. 4. 
Fics. 3 AND 4. The accompanying x-rays demonstrate the status of the fracture 
as seen in Figure 2. 
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Moore—Femoral Fractures 


Fic. 5. Above. 
Fic. 6. Below. 
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Fic. 7. Upper. 
Fic. 8. Center. 
Fic. 9. Lower. 
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Fic. Io. Fic. 11. 
Fics. 10 AND 11. IIlustrate the post-reduction result. 


Fic. 12. Fic. 13. 
Fics. 12 To 17. Examples of the handling and progress of a simple femoral shaft 
fracture in an adult. 
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Fic. 15. 


: Fic. 16. Fic. 17. 
: Fics. 14 To 17. For descriptive legend see page 172. 


: 
Fic. 14. 
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Fic. 19. 


Fic. 21. 
he progress of this fracture. 
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FRACTURES OF THE FEMUR TREATED BY THE 
AUTOMATIC AMBULATORY METHOD OF 
ROGER ANDERSON 


ALLEN F. VOsHELL, M.D. AND 


Dominic J. VERDA, M.D. 


Baltimore City Hospitals 


BALTIMORE, 


HREE years ago an analysis of the 

leg fractures treated at the Baltimore 

City Hospitals was made in order to 
compare the results from each method used 
and the length of hospitalization period in 
each case. The usual methods of treatment 
for that period were utilized with at least 
average success, but the period of hos- 
pitalization seemed longer than necessary, 
which stimulated a desire to find some 
means of shortening the patients’ stay in 
the acute wards. After due investigation 
and study, a skeletal splinting outfit 
known as the automatic ambulatory splint, 
as devised by Roger Anderson, was ob- 
tained and it has been used since then with 
considerable satisfaction. 

During the past three years 600 frac- 
tures of the lower extremity, excluding the 
neck of the femur, intertrochanteric region, 
patella and feet, were treated. Of this 
number there were 118 fractures of the 
shaft of the femur, but only twenty-two 
were selected for treatment by the Roger 
Anderson method, while twenty-five tibial 
shaft fractures were similarly treated. 
Since this symposium deals only with 
femoral shafts, the analysis will be limited 
to the group of twenty-two cases of this 
type. 

Each case was selected for treatment as 
specially suitable because one or more 
factors contraindicated other methods. 
The splint was not used promiscuously or 
blindly, but with due consideration and 
forethought. 

The principles of use of the ambulatory 
splint are: good reduction under fluoro- 
scopic and mechanical control; retention 
of this desirable position by lock devices 


MARYLAND 


until a cast incorporating the bone pins 
can be applied; and early activity with the 
hip and knee uninhibited. Reduction is 
accomplished by inserting two pins at a 
fixed angle with each other into the proxi- 
mal fragment near the trochanter and two 
straight pins through the distal fragment 
and thigh near the knee. The only neces- 
sary precaution is-that the points of the: 
proximal set of pins, joined together by a 
solid bar, must penetrate the inner cortex 
of the femoral shaft by about 14 inch. 

With the patient lying on the fluoroscopy 
table, the fractured leg is placed in a special 
traction apparatus which attaches to the 
two sets of pins and by means of turn 
screws and movable rotatior parts, the 
fracture is reduced (as determined by 
fluoroscopic observations). A short, strong 
cast is then applied from the groin and 
buttock to the knee joint, incorporating 
the proximal or so-called half-pin unit and 
the distal pins, leaving the hip and knee 
free. In brief, this apparatus requires the 
same attention to detail and the sugges- 
tions of its inventor as all others, but when 
properly handled it is simple and effective. 

An analysis of the twenty-two cases of 
femoral fractures treated at the Baltimore 
City Hospitals by the above method, 
presents some interesting facts. Of these 
twenty-two cases, thirteen had received 
some type of traction previously and with- 
out successful reduction. 

The average hospital stay was nine and 
one-half days in contrast: to the twenty- 
eight days formerly necessary. 

Two patients died, a mortality of 9 per 
cent. Both deaths resulted from broncho- 
pneumonia. One patient aged 73, died four 
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days after reduction; the other, aged 68, 
five months after. The first patient had ad- 
vanced Paget’s disease and a mental dis- 
turbance, and the second had both cardiac 
and kidney involvements. 

In six cases the fracture was still un- 
united at the end of three months. This 
was arbitrarily considered delayed union. 
However, all eventually united without 
further surgical procedure. The pins were 
removed between ten and fourteen weeks 
after reduction not a single infection hav- 
ing resulted. Recently the pins have been 
removed after six weeks to allow for 
earlier fragment end stimulation by im- 
pingement during weight-bearing. One or 
more casts are always applied after removal 
of the pins in order to retain proper align- 
ment until union occurs. Fifteen patients 
returned to their former occupations or to 
school a few weeks after injury. 

No real complications were actually met, 
although the possibility of embolism, in- 
fection and nonunion was always kept in 
mind. Too much traction can easily be 
applied and hence must be carefully 
avoided, for fear of nonunion. 

Shaft fractures at all levels and of all 
types were treated in thirteen white males, 
three white females and six colored males. 
There were two cases from 1 to g years; 
seven from 10 to 19; one from 20 to 29; 
five from 30 to 39; one each from 40 to 49 
and 50 to 59; four from 60 to 69 and one 
from 70 to 79. 

The hospital stays varied as follows: 
eight days for the above first age period, 
four for the second, fourteen for the third, 
four for the fourth, twelve for the fifth, 
fourteen for the sixth, ten for the seventh 
and three for the last. 
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The following advantages have seemed 
thoroughly to justify the use of the prin- 
7 and the splint as above described: 

. Short period of hospitalization with 
economic saving. 

2. Preservation of muscle and joint 
movement and function. 

3. Crutch ambulation immediately pos- 
sible. 

4. Slight after-care. 

5. Early resumption of previous activi- 
ties. 

6. Early weight-bearing. 

In spite of the several possible compli- 
cations which might well occur with any 
skeletal procedure, only one, delayed 
union, has seemed likely to be a real factor 
with this method. In not one case did 
nonunion develop. 


SUMMARY 


Twenty-two cases of femoral shaft frac- 
tures of all types have been treated by the 
Roger Anderson automatic ambulatory 
splint and the statistics analyzed. 

In spite of the apparently complicated 
procedure necessary to proper reduction, 
the results fully justify the use of the 
method in properly selected cases. 
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FRACTURE OF SHAFT OF FEMUR 
OPEN REDUCTION AND INTERNAL FIXATION 
DarRACH, M.D. 


NEW YORK CITY 


Reasons for Adoption of Open Method. 
Open reduction and rigid internal fixation 
provide normal axis, normal length, earlier 
active motions, less constriction of circu- 
lation, shorter convalescent time and less 
permanent disability. 

Development of Method. When this 
method was first used by me in 1908, Lane’s 
method and technique were adopted as he 
described them at that time. 

At first, operation was delayed from one 
to two weeks, but this time has gradually 
been cut down. At present, whenever the 
decision can be made immediately, the 
cases are treated as emergencies and pa- 
tients are operated on as soon as they come 
into the hospital. 

At first, a good deal of periosteal strip- 
ping was done during the approach and 
reduction. It was gradually realized that 
this interfered a good deal with the process 
of repair and delayed union. Now, the 
periosteal stripping and soft part damage 
are reduced to a minimum. 

Formerly all patients were put up in 
plaster spicas for six to ten weeks. With the 
development of better material and better 
fixation, plaster has been given up and 
suspension is used, with earlier joint 
motion. 

Dangers and Precautions. The three 
main dangers are infection, breaking of 
plates and screws and loosening of screws 
with angulation of fragments. In order to 
avoid the first, the most rigid non-touch 
technique is observed. Good material is the 
best protection against the breaking of 
plates and screws. The type of stainless 
steel used at present is far more satisfactory 
than anything else we have tried. Screws 
are less apt to pull out if careful attention 
is given to detail of insertion. This means 
the use of just the right size drill, with 


careful drilling and insertion of the screws 
in order to get an exact fit without reaming 
out the thread. 

Experience with Materials. At the sug- 
gestion of Dr. Adrian Lambert, plates made 
in the laboratory from sheet aluminum 
were substituted for the Lane plates which 
proved to be too brittle. As the wood screw 
has a tapering shank and the thread is not 
carried all the way to the head, it proved 
very inefficient. It not only crumbled the 
bone as it was driven home, but engaged a 
very small portion of the cortex. Machine 
screws were therefore substituted, but these 
involved cutting the thread with a tap 
after each drill hole. Then came Sherman 
fluted machine screws which cut out the 
process of tapping. At the same time, 
Sherman vanadium steel plates were 
adopted and for a number of years proved 
very satisfactory. Later it was evident that 
the same workmanship was not used and 
the plates began to break. A search was 
made for more reliable material. At pres- 
ent, we are using plates and fluted machine 
screws made of stainless steel, using 
Rezistal KA 2 Type 302 for plates and 
Rezistal FM 188 Type 303 for screws, 
made by the Crucible Steel Company of 
America. This is a high chromium, low 
nickel, steel whose formula is: 


Manganese........... 0.400- 0.65 
Phosphorus........... 0.035 

0.300—- 0.75 
17. 500-19.00 


Plates and screws are removed only if 
there is infection, if they break or pull out 
and if they cause pain. 

Operative Non-Touch Technique. This 
means (1) double sterilization of all dry 
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goods; (2) dry goods, sutures and instru- from the tip of greater trochanter down- 
ments handled by nurse with instruments ward, through the fascia lata and vastus 


in set-up; (3) thorough skin preparation lateralis. For the shaft, the important 


Fic. 1. Anterior approach to femur. 


(less important); (4) superficial incision, 
towels fastened to skin edges with Michel 
clips, instruments discarded and gloves 
changed (operator and instrument nurse); 
(5) nothing that goes into the wound is 
touched even by gloved hand; (6) bleeding 
vessels controlled by electrical coagulation, 
large ones tied with silk; (7) fragments 
exposed with as little periosteal and muscle 
damage as possible; (8) reduction accom- 
plished by manipulation with holding 
clamps, skids, elevators, traction, etc.; (9) 
reduction maintained rigidly by clamps 
while plate and screws are applied; (10) 
drill of exact size held steady, lest hole be 
too large; (11) screws inserted carefully so 
as not to ream out thread; (12) additional 
screws in separate plane, otherwise fixation 
is not rigid; (13) deep closure by few inter- 
rupted silk sutures; (14) skin closure; (15) 
Thomas splint for transportation to bed. 
Surgical Approach. For the high upper 
third, there should be a lateral incision 


anatomic structures are the descending 
branches of the external circumflex vessels 
and the muscular branches of the anterior 
femoral (anterior crural) nerve. These 
cross in front of the shaft just below the 
lesser trochanter and pass obliquely down- 
ward and outward, giving off a few vertical 
branches to the vastus intermedius, the 
large trunks passing out with the nerve into 
the vastus lateralis. If the approach can be 
made just mesial to this neurovascular 
bundle, there will be but little bleeding and 
no interference with the nerve supply of the 
muscles. In the usual lateral approach, both 
vessels and nerves are divided with unnec- 
essary hemorrhage and interference with 
the life of the muscle. The incision is made 
in front, along the outer margin of the 
rectus and the rectus retracted inward. 
The mesial edge of the vastus lateralis is 
retracted outward, the descending branches 
of the external circumflex vessels and 
muscular branches of the femoral nerve 
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(anterior crural) recognized. The vastus 
intermedius is split mesial to the neuro- 
vascular bundle. 

Method of Postoperative Splinting. If 
satisfactory fixation has been obtained, the 
lower extremity is put up in suspension 
immediately after operation, sometimes 
with a few pounds of traction. This is main- 
tained for five to eight weeks and patients 
are allowed up on crutches with a brace or 
moulded splint. 

Motion Started. Hip motions are started 
immediately. Knee motions are started 
from the twenty-first to the twenty-eighth 
day. 

Convalescent Treatment. The bed period 
is from five to eight weeks or more. Then 
follow the use of a crutch with brace or 
splint without weight bearing and later the 
same with weight bearing. Full weight 
bearing follows at a varying interval, de- 
pending on the age of the patient, the 
character of break (whether transverse, 
oblique or comminuted), the character of 
the bone (whether cortical or cancellous), 
the amount of periosteal stripping and soft 
part damage, the rigidity of fixation, and 
the reliability of patient. 


Darrach—Open Reduction 
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Selection of Cases. This method is used 
in ch Idren only when the closed method 
fails or no crepitus is obtained. For adults, 
It is routine if the patient accepts. 


Fic. 2. Cross section of thigh showing 
anterior approach. 


Results. Seven patients were not fol- 
lowed and two died. Of the remaining fifty- 
one, forty-seven returned to their former 
jobs. The other four were rated economi- 
cally as 3 (on a basis of 4). Sixty cases in all 
were treated by open reduction and fixation. 

In seven cases the plates broke, in eight 
the screws were loosened with angulation, 
and in sixteen the plates and screws were 


Aver- 
age Char- 
Pesiod Days acter of Osteo- ~|Broken| Screw | Metal} Full Shorten- | Bony 
at Ga Fixa- Plate | Loose | Out | Return| ing Union 
Oper- | tion* itis reatmen 
ation 
1908 to 1913...| 12.7 10 9 A. Spica 1 All I All 
EV: yrs) 4cm 
7 7M. I—triv. o Spica I I All 
2cm 
1928 to 1936...} I1. 31 2A. 2—triv. I 17 Plaster 6 7 8 | 27 2 3—1 cm.| All 
2 Sc. I—ser. 14 Suspen- I—1.5 
a7 ¥. sion I—2.5 
1+2.3 
1937 to 1939...| 5.5 I—triv. I Suspension 1 Refrac- 5 110 All 
Ext. I—comp. ture 
Sc. in 7 
I—ser. of 51 (1 more 
I—comp. than 1 
in.) 


* A = Aluminum. 
V = Vanadium. 
St = Stainless Steel. 
Se = Screws. 
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removed. There were four trivial infections 
and two more serious infections resulting 
in osteomyelitis. One of these was in a 
compound fracture, already infected at the 
time of operation. All six resulted in bony 
union. In fifty-three cases of the total of 
sixty there was no shortening, while of the 
remaining seven, only one showed shorten- 
ing of more than 1 inch. In one case there 
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was an increase in length of 2.3 cm. on the 
operated side. All sixty patients had bony 
union. 

There were two deaths, one on the 
seventieth day, from a_pyelonephrosis 
which antedated the accident and was later 
complicated by pneumonia. The second pa- 
tient was electrocuted for murder two and 
one-half months after operation. 


CHILDERN who have tuberculosis of the bone should have roentgeno- 
grams made of their chests at frequent intervals and if active pulmonary 
infection is found or suspected, they should be transferred to a tuberculosis 


sanatorium. 


From—‘“ Convalescent Care” (New York Academy of Medicine). 
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THE TREATMENT OF MALUNITED AND UNUNITED 
FRACTURES OF THE SHAFT OF THE FEMUR BY 
MANIPULATION AND SKELETAL TRACTION* 


Leroy C. ABBOTT, M.D. 


SAN FRANCISCO, CALIFORNIA 


ALUNION of a fracture of the shaft 
of the femur is generally regarded 
as a clear indication of the need for 

operation. Osteotomy alone, or osteotomy 
with some type of internal fixation of the 
fragments is usually employed. In ununited 
fractures the ends of the bones are freed 
from callus and scar tissue and a bone graft 
is applied to stimulate osteogenesis. Both 
malunited and ununited fractures of the 
femur, however, frequently show shorten- 
ing due to angulation, displacement and 
overriding of the fragments, resulting in a 
deformity which is fixed by adaptive 
changes in the soft parts. This adaptive 
shortening cannot be overcome by any 
single procedure, and therefore the surgeon 
can only correct alignment and displace- 
ment by resection of the ends of the 
fragments. This results in a permanent dis- 
ability due to shortening of the limb. 

In my experience, operation may be 
avoided in patients who are seen during the 
early months following the occurrence of 
the fracture. In such cases the use of simple 
manipulation with freeing of the fragments 
in both malunited and ununited fractures, 
followed by skeletal traction on a Thomas 
splint, will often result in union with 
correct alignment and full length of the 
limb. In cases of many months’ duration 
with complete solidity of union and over- 
riding of the fragments, osteotomy should 
be performed, followed by the effective use 
of skeletal traction. Length and alignment 
secured in the simplest possible way, with 
avoidance of complicated operative proce- 
dures, should be our aim in the treatment 
of these cases and will, in the long run, 
yield the most satisfactory results. 


The following paragraphs, therefore, will 
be devoted chiefly to the description of the 
technique of manipulation and the applica- 
tion of skeletal traction as I have used them 
in the treatment of malunited and un- 
united fractures of the shaft of the femur. 
Manipulation and skeletal traction can 
best be described as it is employed in (1) 
the treatment of malunited fractures; and 
(2) the treatment of ununited fractures. 


TREATMENT OF MALUNITED FRACTURES 


In the majority of malunited fractures 
seen early, a careful examination will reveal 
tenderness over the callus. This is often 
found even in cases of several months’ 
duration and it is a sign of the greatest 
importance because it is definite evidence 
that the callus is still the seat of active 
change and that it has not yet reached the 
stage of complete consolidation. Sir Robert 
Jones, recognizing this as a basic principle 
of treatment, pointed out that manipula- 
tion under anesthesia would often accom- 
plish refracture, and if it were followed 
immediately by traction, faulty alignment 
could be corrected and the shortening 
greatly reduced. He often employed this 
method in connection with adhesive trac- 
tion on a Thomas splint in preference to 
operation, and it was my privilege, while 
in England during the World War, to 
observe him carrying out such treatment 
with striking success. Later on, at the 
United States Base Hospitals at Savenay, 
France, I adopted the same procedure and 
the results were highly satisfactory. 

After the War, at the University Hospi- 
tal, Ann Arbor, Michigan, I continued to 
use this method with malunited and un- 


* From the Division of Orthopaedic Surgery, Department of Surgery, University of California Medical School. 
Read at the Meeting of the American Orthopaedic Association, Buffalo, New York, June 5 to 8, 1939. 
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united fractures, but in place of traction by 
means of adhesive tape, I used calipers 
applied to the condyles of the femur in 
order better to ensure complete restoration 
of the length of the limb. The description 
of the method and the results obtained 
were published in a previous article.! 

Malunion of the femur is probably less 
common at the present time because of the 
more efficient methods of treatment now in 
general use. I believe, however, that this 
procedure should receive first hand con- 
sideration in those cases of malunion in 
which the clinical findings indicate incom- 
plete consolidation of the callus. 

The description of the technique of 
manipulation and the application of skele- 
tal traction has been described in detail in 
the previous article mentioned above. Only 
the important points, therefore, will be 
referred to in the ensuing paragraphs. 

Technique of Manipulation. A forty- 
eight hour preparation of the skin of the 
thigh and leg is a preliminary to manipula- 
tion. To avoid strain on the knee joint, 
padded board splints extending from the 
site of fracture to the sole of the foot are 
firmly bandaged to the lateral and posterior 
surfaces of the limb. Control of the upper 
fragment is secured by taking a hitch with 
padded rope just above the fracture. Under 
nitrous oxide anesthesia, with an assistant 
controlling the upper fragment by means 
of the rope, the operator quickly refrac- 
tures by forcibly increasing the deformity. 
The fragments are further disengaged by 
internal and external rotations as well as by 
traction applied to the lower fragment. 
Often lengthening of an inch or more can 
be obtained at this time. A Thomas splint, 
with knee flexion piece attached, is then 
applied, forcing the ring against the 
tuberosity of the ischium. The thigh and 
calf are supported by flannel bands fast- 
ened to the uprights of the splint. I no 
longer use calipers, but prefer to secure 
traction by means of wire with a Mathews 
stirrup with the wire passed through corti- 
cal bone well above the level of the adduc- 
tor tubercle. The technique of application 
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is familiar to all orthopedic surgeons and 
requires no further comment here. 

The Thomas splint is suspended to an 
overhead bed frame, preferably of the 
Morrison type because it allows flexion, 
abduction and adduction of the limb with- 
out altering the position of the patient. The 
frame is simple and permits easy and quick 
adjustment. 

To adjust the patient to the frame a rope 
is fastened to the anterior half of the 
Thomas ring, and the free end passed over 
two pulleys on the horizontal bar. To this 
free end, sufficient weight is attached to 
hold the ring firmly against the tuberosity 
of the ischium. The advantage gained by 
such an arrangement is that when the 
patient raises himself from the bed, the ring 
of the splint continues to hug the ischial 
tuberosity and a constant counter-exten- 
sion is maintained. The lower end of the 
splint is fixed to a horizontal tubal arm, 
and traction is obtained by weight and 
pulley. 

The average weight necessary is about 
30 pounds (13.6 Kg.), and this is main- 
tained until the injured leg is actually 
longer than its fellow. This usually requires 
from ten to fourteen days. Lateral displace- 
ment is corrected by the screw pressure 
pads. When accurate alignment is secured, 
the weight is decreased until the ends of the 
fragments are apposed, and this position is 
held securely until union has taken place 
as shown by clinical examination and 
Roentgen ray plates. The time required 
in the average case is generally twelve 
weeks. 

Pressure sores beneath the Thomas ring 
are evidence of failure to care for the 
leather and the skin with which it lies in 
contact. This can be avoided by changing 
the area of the skin pressed on at frequent 
intervals during the first few days of 
traction, and by carefully washing and 
drying the leather ring at least twice daily. 
We have found that during the heavy 
traction, undue pressure against the tuber- 
osity of the ischium can be effectively 
relieved by removing the pillows from 
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beneath the patient’s head and by raising 
the foot of the bed. 


The necessity of maintaining traction on 
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was performed and a Mathews wire passed 
through the lower end of the femur. Traction 
was applied on the Thomas splint with a weight 


A 
Fic. 1. Case 11. Anteroposterior and lateral views twelve months after injury showing union 
with angulation and overriding of the fragments. 


the Thomas splint until the callus uniting 
the fracture has completely consolidated 
cannot be too strongly emphasized. It has 
been my experience that failure to observe 
this fundamental principle will often result 
in a recurrence of the deformity. This is 
illustrated by the following case: 


Case. M.G., aged 24 years, was admitted 
to the San Francisco Hospital on August 22, 
1935. In an automobile accident on that date, 
she sustained multiple fractures of the pelvis, 
a compound fracture of the left ankle, fracture 
of the right fibula, fracture of the right femur 
and rupture of the bladder. 

Immediate treatment was given for profound 
shock by blood transfusions and intravenous 
glucose. A suprapubic cystotomy was done 
twelve hours after the accident. The pelvis was 
supported by a sling. On September 27, a 
bilateral hip spica was applied. When this was 
removed on December 17, four months after 
the accident, there was union of the fracture of 
the femur with marked overriding of the frag- 
ments and moderate tenderness over the callus. 
On December 19, manipulation with refracture 


of 25 pounds. On January 21, 1936, the roent- 
genograms showed distraction of the fragments 
and the weight was reduced. A hip spica was 
applied January 25, at which time it was noted 
that the fracture was not completely con- 
solidated. The patient was discharged from 
the hospital with instructions to return for 
observation. On May 5, the hip spica was 
removed and definite lateral bowing of the 
femur was noted. This could have been avoided 
by a more careful follow-up and by permitting 
the patient to remain in the traction splint until 
the clinical examination and roentgenograms 
indicated solid union. 


As a general rule fractures of the shaft 
of the femur in which the callus shows com- 
plete consolidation are not favorable for 
manipulation and refracture. In such cases 
separation of the fragments can be secured 
by osteotomy. It is important to stress 
here that any considerable degree of 
shortening cannot be overcome by oper- 
ation alone. These cases require skeletal 
traction to restore full length to the limb 
and it should always be used subsequent 
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to osteotomy. I have employed the same 
technique for application of traction that 
is used in cases that have been refractured 


Abbott—Ununited Fractures 


JULY, 1940 


knee, calf of the leg, ankle and foot became 
excoriated and badly infected. The patient be- 
gan to have a high fever and was very ill, 


by manipulation. In other cases I have 
found skeletal traction with the Hoke 
plaster equally effective. Since these cases 
are of considerable duration the surgeon 
may find bone closing the medullary canals 
of both fragments. To reduce the chances 
of nonunion, it is best to remove this bone 
and to open the medullary canals at the 
time the osteotomy is performed. In this 
way union can be secured with full length 
and correct alignment without resorting to 
a second operation and bone grafting. 
These essential principles of treatment are 
well illustrated by the following case: 


Caseu. H.C., aged 17 years, was admitted 
to the Children’s Hospital, November 1934. 
A fracture of the left femur had occurred when 
he was thrown from a horse on July 2, 1933. 
His treatment had consisted of traction with 
adhesive tape. The skin in the region of the 


B 
Fic. 2. Case 11. Anteroposterior and lIatera! views taken four months after the 
operation showing correction of the deformity, union and full Iength. 


necessitating blood transfusions and other 
restorative measures. 

The patient was transferred from Montana 
to San Francisco in October 1933, when I was 
called in consultation. At that time the boy’s 
general condition was critical. The skin on the 
lateral and posterior surfaces of the ankle and 
heel had sloughed, exposing the tendons and 
fascia. There were also areas of sloughing about 
the lateral aspect of the knee and posterior 
surface of the calf. All the wounds were dis- 
charging pus. The left femur showed marked 
deformity. The treatment at this time con- 
sisted of dressings, securing of adequate drain- 
age and building up the general condition of the 
patient. 

Finally the patient was admitted to the 
Children’s Hospital, sixteen months after his 
injury. Examination showed a marked deform- 
ity of the left femur with lateral bowing. The 
knee was ankylosed in full extension. The foot 
was fixed in a noticeable equinovarus and there 
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was loss of sensation of the skin supplied by the 
posterior tibial nerve. 

Roentgenograms showed union with marked 
angulation and overriding of the fragments. 
(Fig. 1.) 

On November 15, 1934 a stainless steel pin 
was drilled through the upper end of the left 
tibia just below its anterior tubercle. A Hoke 
plaster of Paris spica was applied with a special 
apparatus incorporated for traction on the left 
leg. This apparatus was provided with threaded 
bars with movable blocks. These were fastened 
above to the plaster of Paris spica and below 
to the pin which was passed through the tibia. 

Operation (November 30, 1934). Through a 
muscle-splitting incision on the lateral aspect of 
the thigh the malunited fracture of the femur 
was exposed. The fragments were crossed like a 
letter X and held firmly in this position by 
callus. The medullary canals were walled off 
with bone. The operation consisted of freeing 
the fragments by cutting through the callus and 
opening of the medullary canals of both 
fragments. 

Postoperative care consisted of traction by 
means of special apparatus until full length and 
good alignment had been restored. The appa- 
ratus was removed in three months and a 
plaster of Paris spica applied. 

Four months after the operation the roent- 
genograms showed union with correction of the 
deformity. (Fig. 2.) 

The patient was re-admitted to the hospital 
on September 10, 1935. At this time examina- 
tion disclosed complete correction of the de- 
formity of the femur. The knee was ankylosed 
in full extension. There was equinovarus de- 
formity of the foot with ankylosis of the ankle 
and the joints of the tarsus. A loss of sensation 
of the entire sole of the foot was due to destruc- 
tion of the posterior tibial nerve. Amputation 
was decided upon and performed through the 
middle of the leg on September 19, 1935. The 
convalescence was uneventful and the patient 
was discharged from the hospital on October 2, 
1935. 

He was seen last on September 15, 1938 when 
he was walking well with an artificial limb. 


The same procedures described above 
may be used in malunited compound frac- 
tures of the femur which are infected. 
If consolidation of callus is mcomplete 
manipulation may be employed but it 
should be gentle to prevent lighting up of 
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the infection. If this does take place, 
further opening of the wound to give better 
drainage may be indicated. In infected 


Fic. 3. Case 1v. Anteroposterior view taken 
twelve weeks after injury showing angu- 
lation of the fragments and separation of 
the screws from the lower fragment. 


fractures with osteomyelitis and formation 
of sequestra, I believe that it is best to 
remove these sequestra and to obliterate 
the wall of the infected cavities as far as it 
is practical. The union of the fragments is 
then divided, and traction on a Thomas 
splint is applied to correct the deformity 
and to gain length as in the treatment of 
simple fractures. The wound is left open 
for drainage. The following case illustrates 
the use of this method in compound in- 
fected fractures. 


Case. A.C., aged 17 years, was admitted 
to the University Hospital on January 19, 1939. 
He had sustained a fracture of the upper third 
of his left femur in June 1938. An attempt to 
reduce the fracture by the closed method had 
failed and open reduction was then resorted to 
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with the use of a bone plate and the application 
of skeletal traction. Later the plate broke but 
the traction was continued. In September 1938, 
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were found. With traction the fragments fitted 
together fairly well and increased length was 
readily obtained. The wound was packed with 
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Fic. 4. Case 1v. Anteroposterior and lateral views showing union with full length and 
correct alignment four months after removal of the plate, manipulation and traction. 


the operative wound broke down with a dis- 
charge of pus. The wound was reopened and 
the plate removed. The fracture had healed 
with angulation of the fragments. 

At the time of his admission, there was a 
marked, outward bowing of the left femur. The 
thigh muscles appeared atrophic, there was a 
shortening of the limb 114 inches (4 cm.), and 
there were discharging sinuses at the operative 
wound. Roentgenograms showed an old trans- 
verse fracture at the junction of the upper and 
middle thirds of the left femur with displace- 
ment and overriding of the fragments. There 
was firm bony union. At the proximal, medial 
aspect of the distal fragment, a large isolated, 
well calcified fragment suggested a sequestrum. 

Operation (January 26, 1939). Two 
Mathews wires were inserted, one in the upper 
tibia and the other in the lower femur. An 
incision was made on the lateral aspect of the 
femur, exposing the site of the former fracture. 
A large amount of dense scar tissue and callus 
surrounded the fragments. The medullary cavi- 
ties of both bones were opened. No sequestra 


vaseline gauze. The leg was placed in a Thomas 
splint and 20 pounds of traction were applied 
to the Mathews wire in the femur. Subsequent 
roentgenograms showed excellent alignment of 
the femoral fragments and the formation of a 
small amount of callus. 

On April 11, 1939, the Thomas splint, wires 
and cast were removed. The fragments were 
movable at the site of the fracture. A walking 
spica was applied to facilitate the formation of 
callus. On April 20, the patient was discharged 
from the hospital wearing a plaster cast espe- 
cially designed for weight bearing. Complete 
correction of the deformity of the femur had 
been obtained, with the beginning of union, 
although the formation of callus had been ex- 
ceedingly slow. The patient remained under 
observation in the out-patient department. 


TREATMENT OF UNUNITED FRACTURES OF 
THE FEMUR 


The condition commonly found in de- 
layed union of the femur is an unreduced 
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fracture, incompletely fixed in deformity 
by adaptive changes in the soft parts, and 
a varying amount of callus. In the majority 
of cases this callus has reached a stage of 
comparative inactivity. Therefore, the 
treatment indicated is reduction of the 
fracture and stimulation of osteogenesis 
which can be accomplished by manipu- 
lation and skeletal traction. Manipulation 
serves a two fold purpose; it disengages the 
fragments from a mass of fibrous tissue and 
callus, and, by so doing, it stimulates the 
callus to renewed activity. Skeletal traction 
will readily overcome the shortening, and 
if there is lateral displacement it can be 
corrected by the use of screw pressure pads. 

Once the fragments are brought into 
accurate alignment, union can be hastened 
by percussing the callus with a rubber 
mallet and by placing constricting rubber 
bands above and below the site of fracture. 
This method was described by Hugh Owen 
Thomas, and was called by him “per- 
cussion and damming.” 

When there is evidence of union, con- 
solidation of the callus can often be aided 
by the use of an appliance which permits 
partial weight bearing. In fractures below 
the level of the middle of the femur the 
Thomas walking caliper splint may be 
used. Above this level it is preferable to use 
a plaster of Paris spica applied next to the 
skin but designed to take partial weight on 
the ischium. 

It is of vital importance to check these 
cases by frequent examinations and roent- 
genograms in order to prevent the recur- 
rence of deformity. 

In nonunion of the femur, I believe that 
manipulation and skeletal traction have a 
useful place, especially in those cases show- 
ing marked overlapping of the fragments. 
This method might be considered as the 
preliminary phase of the treatment, its 
object being restoration of length before 
open operation. 

In my experience, the great difficulty in 
operations for nonunion in overlapping 
fractures of the femur is to secure end-to- 
end apposition of the fragments without 
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sacrifice of the bone length which will 
result in permanent shortening. If the 
length is gained by traction as a prelimi- 
nary to operation, removal of the sclerotic 
bone and apposing of the freshened ends of 
the fragments becomes a comparatively 
simple procedure. 

In some cases of delayed union it is 
advisable to place multiple drill holes in 
both fragments at the time the osteotomy 
is performed. With the use of this method, 
union may occur more rapidly, as illus- 
trated by the following case: 


CasEtv. A. D., aged 15 years, was admitted 
to the Children’s Hospital on December 2, 
1937. She had sustained a fracture of the left 
femur in an automobile accident on September 
11. The fracture was operated upon and fixation 
of the fragments was secured by a steel plate. 
Immobilization was obtained by means of a 
Thomas splint for four or five days and then a 
plaster of Paris spica was applied. The spica 
was removed in seven and one-half weeks and 
marked lateral bowing of the femur was 
disclosed. 

Examination disclosed, in addition to a 
marked lateral bowing of the left femur, a 
2 inch shortening of the limb. There was tender- 
ness over the callus and a springy motion upon 
manipulation. The condition was one of de- 
layed union with marked deformity in a frac- 
ture of the middle third of the femur. This was 
confirmed by roentgenograms December 2, 
1937. (Fig. 3.) 

At operation on December 6, 1937, the site 
of the fracture was exposed by incising the scar 
of the former operation. The plate was removed 
and the fracture was found to be united only 
by soft callus and fibrous tissue. Manipulation 
corrected the faulty alignment and multiple 
drill holes were made in bony fragments to 
stimulate osteogenesis. A Mathews wire was 
placed through the lower femur. Alignment was 
maintained by traction on a Thomas splint and 
the application of Pearson pressure pads. Callus 
formed rapidly and a hip spica was applied on 
January 27, 1938. The patient was discharged 
from the hospital on January 30, 1938. 

When the patient was last seen on April 15, 
1938, there was no deformity, the legs were of 
equal length and she was walking without sup- 


port. (Fig. 4.) 
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DISCUSSION AND RESULT 


It is impossible to include in this report 
a complete study of end results because of 
lack of records in the cases treated during 
and immediately following the World 
War. Of the ten cases where complete 
records are available malunion of from six 
weeks’ to four months’ duration was pres- 
ent in four. A satisfactory result with full 
length and good alignment was obtained 
with the exception of Case 1 above where a 
lateral bowing had occurred because of 
inadequate fixation for a sufficient period 
of time following manipulation. Union, 
good alignment and full length were 
secured in the four cases of ununited frac- 
ture. In the two cases which required 
osteotomy, one has complete union with 
normal alignment and full length, while 
the other, which is still under observation, 
has good alignment, full length and the 
beginning of union. 

Objection has been made to manipu- 
lation on the grounds that it may produce 
a fracture at a site other than the original 
one, particularly where disuse atrophy of 
the bone is pronounced. In my experience 
this accident has never occurred, and I 
believe that it can be avoided by manipu- 
lating only where there is distinct tender- 
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ness of the callus, and carefully splinting 
the limb so that all the force is thrown 
directly on the site of the fracture. 


SUMMARY 


1. Malunited fractures of the femur 
showing tenderness over the callus, even 
those of several months’ duration, can be 
refractured by manipulation, and union 
with full length and accurate alignment 
can be secured by skeletal traction on a 
Thomas splint. 

2. In cases of malunion with complete 
consolidation of the callus and walling 
off of the medullary canals, it is advisable 
to open the canals at the time the frag- 
ments are separated by osteotomy. Subse- 
quently, skeletal traction should be em- 
ployed to correct angulation and to restore 
full length to the limb. 

3. Manipulation and skeletal traction 
can frequently be used to correct deformity 
and to promote consolidation of the callus 
in cases of delayed union of the femur. In 
nonunion, it is a valuable adjunct as a 
preliminary treatment to gain length 
before operation. 
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METHODS OF TREATMENT AND RESULTS IN COMPOUND 
FRACTURES OF THE FEMUR 


H. Winnetr Orr, M.D. 


LINCOLN, NEBRASKA 


N 1917 and 1918 a military committee 
recommended standardized splints for 
the use of the American army in 

France. If the use of those splints had been 
carried over into civil practice and if there 
had been less modification of splints and of 
methods of treatment, our results In com- 
pound fractures of the femur would be 
better than they are. 

The commercial and scientific exhibits at 
our meetings indicate how far the modifica- 
tion of splints and methods has been 
carried. 3 

Standardized split methods and rules 
for treatment would contribute to the 
welfare of the patient and to the relief of 
everyone concerned in such cases. When he 
is confronted with a compound fracture of 
the femur, a surgeon often permits himself 
to be diverted from the fundamental 
requirements of the case (i.e., restoration of 
length and position) by such details as 
shock, hemorrhage, swelling, and pain, any 
or all of which might be relieved at once 
by prompt immobilization of the injured 
part in a proper splint. 

The application of Thomas splints on the 
battle field was proposed by Sir Robert 
Jones in 1914. The great success of this 
plan is now a matter of history. This was 
the first time that first aid and correct 
treatment had been combined on a general 
plan. The compound fracture femur cases 
were protected at once and shock, pain, 
swelling and the other severe symptoms 
were prevented or relieved by this plan of 
immediate reduction of the fracture and 
immobilization of the fractured limb. 

‘During 1918 the death rate in casualty 
clearing stations from gunshot fractures of 
the femur had been reduced to 1714 per 
cent. This represented an improvement of 
between 40 and 50 per cent from the first 
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days of the war. Sir Anthony Bowlby 
pointed out that there was a secondary 
death rate in the base hospitals of about 
10 per cent and of approximately 3 per cent 
later in the home hospitals. So the eventual 
death rate was about 30 per cent in gunshot 
fractures of the thigh. 

The American Orthopedic Association 
should insist upon certain minimum re- 
quirements for both emergency and sub- 
sequent treatment of compound fractures 
of the femur. We should set up standards 
as to methods and equipment and should 
encourage a present tendency to demand 
special qualifications of those who are to 
undertake the care of these difficult cases. 
If our program of national certification of 
specialists is to do the greatest good, the 
treatment of such conditions as compound 
fractures of the femur, the internal fixation 
of fractures and elective major amputations 
should be undertaken only by those sur- 
geons who have been certified by the 
National Boards in General and Orthopedic 
Surgery. 

One factor that has interfered with ideal 
fracture treatment has been the antiseptic 
treatment of wounds. It has now been 
demonstrated that frequent changes of 
antiseptic dressings and antiseptic irriga- 
tions are unnecessary. Early and complete 
fixation of fractures in correct position 
can now be carried out. 

My own efforts in this direction origi- 
nated in 1918-1920 with the Thomas 
double abduction splint as taught by Sir 
Robert Jones. To this splint as well as to the 
single ring caliper splint several surgeons at 
that time added the use of skeletal traction. 
Ice tongs and pins were employed in such a 
way that, even with frequent dressings, 
gunshot fractures of the femur were kept at 
full length and in correct position. Such a 


‘ 
he 
} 
| | 
; 
+3 


190 


American Journal of Surgery | Orr—Compound Fractures 


Fic. 1. The patient is placed upon the traction table in such a way that immobilization 
of the parts to be operated upon can be maintained throughout the operation, and a 
plaster of Paris cast put on following the operation without any undue movement or 
disturbance of parts. When corrective manipulations or traction are necessary they 
can be carried out during or in connection with the operative procedure. The method 
of fixing the traction in the cast is indicated on the patient’s left leg where moleskin 
adhesive plaster has been put on. The left hand of the operator rests at the point 
where adhesive plaster straps are to be turned back around the lower end of the 
plaster of Paris cast after that has been applied. In this way the traction is locked 
against the lower end of the cast before the foot portion of the cast is finished. This 
leaves the foot free so that it can be dorsiflexed to any degree desired as the final por- 
tion of the cast is put on. (From Orr, in “The Cyclopedia of Medicine,” Davis.) 


Fic. 2. The infected portion of the femur has been widely exposed, the soft parts are 
pulled gently apart by means of the retractor, and the entire area is being filled with 
vaseline gauze. No stitches, tubes or other materials are employed in the interior of 
the wound. (From Orr, in “The Cyclopedia of Medicine,” Davis.) 


JuLy, 1940 
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Fic. 3. The vaseline dressing has been completed by filling the entire wound area with 
gauze, then applying a flat dressing over the surface which extends to some distance 
beyond the edges of the wound. This brings whatever drainage there is out to the 
edges of this vaseline pad, where it can be taken up by the cotton and gauze dressing. 
(From Orr, in “‘The Cyclopedia of Medicine,” Davis.) 


Fic. 4. The area of the operation and all of the other parts are now covered with cotton 
and bandages as a final preparation for the application of the plaster of Paris cast. It 
will be observed that the position of the patient has made no change at any time. 
Traction is maintained upon the feet and with the patient firmly against the perineal 
post until the upper portion of the cast is all finished and until the moleskin adhesive 
plaster straps have been turned back into the cast or until the skeletal traction or 
fixation devices have become secure in the hardening cast. (From Orr, in “The Cyclo- 
pedia of Medicine,”’ Davis.) 
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program, however, involved much labor as_ included the feet, knees and _ skeletal 
well as disturbance of the patient. In the _ fixation devices in plaster of Paris after the 
hands of those who were less expert, there patient had been properly adjusted in the 


Fic. 5. The upper portion of the cast has now been finished, and the moleskin adhesive 
straps are being turned back around the edge of the cast and are being locked into the 
cast before the traction upon the feet is released. Full length and immobilization are 
still being maintained until this fixed traction has been completed. (From Orr, in “The 
Cyclopedia of Medicine,” Davis.) 


Fic. 6. The completed cast with all parts in correct position and completely immobilized 
indicates how efficiently length, position and control of all the parts are maintained in 
the finished cast. With patients who are inclined to muscle spasm or to be active, 
additional security is obtained by attaching a fairly heavy weight to the cross bar 
and having this weight hung over the foot of the bed, which is elevated to a height of 
from 8 to 12 inches. (From Orr, in “The Cyclopedia of Medicine,” Davis.) 


were inefficient splinting and many poor splint. Roger Anderson has recently called 
results. this ‘well leg traction.” From this it was a 

During and after our war experience, I _ short step to the plan I have employed ever 
added plaster of Paris to this plan of treat- since, i.e., the use of skeletal fixation pins in 
ment in Thomas splints. At first I double leg casts or spicas. The infrequent 
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dressing method since 1921 has made it 
possible for me to treat all our patients by 
this plan. 

We do not employ weight and pulley 
traction except as an adjunct for balancing 
the patient in the bed. Ice tongs, Kirschner 
wires and other less efficient fixation 
devices are no longer employed. Small rigid 
pins, imbedded in the plaster of Paris cast 
are routine with us in these, as well as in all 
other cases in which fixed length and 
position are desired. 

The importance of consistency as to 
infrequent dressings has often been empha- 
sized. Primary reduction of the fracture 
and skeletal fixation in plaster in correct 
length and position depend upon the 
attending specialist. But insistence upon 
correct after-care must permeate to every 
attending doctor, resident, intern, nurse 
and even to members of the family. Loss of 
control in the cast or exposure of the wound 
to secondary infection will often disturb 
the patient’s progress toward recovery. 

Sometime ago I had the following inter- 
esting clinical account from Dr. Calvin 


Smyth, Jr. of Philadelphia: 


“A colored man stevedore of 50 sustained a 
compound comminuted fracture of the femur 
just above the knee joint when a heavy packing 
case fell on him. In addition to the fracture of 
the femur he sustained fractures of the nose and 
maxilla, and multiple lacerations of the face. 
He was in profound shock upon admission. The 
upper fragment of the femur was protruding 
through his overalls. After instituting measures 
for the relief of shock, the wound on the outer 
aspect of the thigh was flooded with iodine and 
covered with a sterile dressing. 

At the end of twenty-four hours under local 
anesthesia the wound was cleaned, the pro- 
truding bone replaced and the wound packed 
lightly with iodoform gauze. Tongs extension 
was applied and the limb suspended in a 
Thomas splint. Plaster was not applied because 
of the necessity of using tongs; we had at that 
time no experience with Orr’s plan of incorpo- 
rating the tongs in the plaster. 

During the following three weeks the wound 
was not disturbed by any sort of dressing and 
the patient had no elevation of temperature 


Orr—Compound Fractures 


193 


American Journal of Surgery 


whatever. During the fourth week, the house 
officer, becoming alarmed by the odor of the 
dressing, removed the packing, swabbed the 
wound with mercurochrome and repacked with 
plain gauze. On the following day the tempera- 
ture rose sharply to 103 degrees and from that 
point the patient was septic and required multi- 
ple operations for relief. Union of the fracture 
occurred, but the infection in the depths of the 
wound prolonged hospitalization for many 
months.” 


Dr. Smyth commented, “This case 
serves to demonstrate an instance where 
early treatment was effectual, and in which 
infection appeared only after three weeks, 
following a meddlesome dressing. From our 
experience with other cases, we believe that 
had this man been in plaster with no dress- 
ing for five or six weeks, no infection would 
have taken place.” 

I treated a patient in Mexico City with 
Dr. Farill two years ago in which the pa- 
tient had been in bed for over a year with 
malunion of a femoral fracture just above 
the knee. She had several draining sinuses 
about the knee and equinus deformity of 
the foot. 

At our operation skeletal traction and 
manipulation were employed to correct the 
fracture deformity and bring the limb down 
to correct length and position. The draining 
sinuses were enlarged. Tenotomy of the 
Achilles tendon had to be done to bring 
the foot to a right angle with the leg. This 
patient had no postoperative complica- 
tions. She recovered completely in a few 
months and has been walking on a useful 
limb ever since. 

Early in my experience with infrequent 
dressings, I suggested consideration of this 
method for military surgery. However, in 
Washington, my proposals were considered 
too radical a departure from usual surgical 
practice. My own experiences with gunshot 
wounds had convinced me that drainage 
and packing of compound fractures and 
skeletal fixation in plaster of Paris casts 
were just as feasible in gunshot fractures 
as in other infected wounds. It has been a 
matter of some satisfaction to me, there- 
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fore, that recent communications from the 
military areas in Spain have borne out my 
views in regard to this matter. 

Dr. J. Trueta Raspall, who was on duty 
in the vicinity of Barcelona and in Cata- 
lonia, wrote to me some months ago and 
sent a copy of his book on “The Treatment 
of War Fractures,” first published at 


Barcelona. He reported a large number of . 


cases successfully treated by the methods 
which I have described. I have since re- 
ceived another letter from Dr. Raspall, 
written in London, after his departure from 
the Barcelona area upon the entrance of 
General Franco. His letter, dated April 11, 
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1939, states: “I am very grateful to you 
for your last letter. Here I am in London 
advertising your method which I used 
1,073 times, out of which only six patients 
died. Soon there will appear in the London 
Lancet an article telling about the part I 
took in the Spanish War, where, as Director 
of Barcelona, I had a big chance for putting 
into practice your method. In the army, 
where I insisted that the method should be 
used in all cases, the number of times that 
J put it into practice amounts to 10,000. 
The gas gangrene that made so many 
victims suffer at the beginning of the war, 
has now almost disappeared. 


THE primary aim of debridement is the removal of tissue which has 
been so damaged that it will no longer heal readily, and not, as is sometimes 


thought, the removal of bacteria. 


From—“Surgery of the Hand” by Couch (University of Toronto Press). 
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CHEMOTHERAPY IN THE PREVENTION OF INFECTION IN 
COMPOUND FRACTURES 


Rosert W. JOHNSON, M.D. 


BALTIMORE, MARYLAND 


symposium on fractures of the 
femur, I still feel like a tail that is 
about to wag the dog. This is because the 
subject which I present is the application 
to our orthopedic problems of one of the 
most astounding and important advances 
in medicine in many years. I have but to 
ask you to use your imagination in con- 
sidering two questions to illustrate to you 
Its extreme importance. First, try to 
visualize how our difficulties and tragedies 
in the last war would have been multiplied 
without tetanus antitoxin. Then try to 
Imagine the godsend that the elimination 
or control of sepsis and gas gangrene will 
be in the next war. Profound post-trau- 
matic sepsis and gas gangrene are fortu- 
nately not common in civil life, and one 
has to turn to war or mass catastrophes to 
get the really dramatic effect of the newest 
triumph of chemotherapy. 
Chemotherapy is not new, for where in 
primitive life have witch-doctors and 
shamans not had their choice brews to heal 
the wounds of battle or chase? One cannot 
even pause to tell off some of the prede- 
cessors of sulfanilamide—from the well- 
chewed quid of herb or tobacco, through 
laudable pus to carbolic acid and Dakin’s 
solution. All these have been local in 
application and worked from the outside. 
Only antitoxic sera acted as systemic pro- 
tectors against wound infections and made 
the patient able to cope with the infection 
from within. While medicine had been 
scoring its chemotherapeutic victories over 
malaria, syphilis and sleeping sickness, and 
preventing smallpox, typhoid and diph- 
theria by innoculation, surgical infections, 
except tetanus, were still vulnerable only 
from without. 


oo at the end of this excellent 


Then came the reports from workers in 
Germany and France—Domagk, Levaditi, 
and others, in 1935 and 1936, closely 
followed by Colebrook’s and Kenny’s 
excellent experimental and clinical paper 
in 1936 in England, showing the control of 
hemolytic streptococcus infections by para- 
amino-benzene sulfonamide. These almost 
miraculous reports were checked and 
amplified in this country, first by Long and 
Bliss in the biological laboratory of Johns 
Hopkins, and reported to the Southern 
Medical Association in November, 1936. 
Since that time the literature has been 
bursting with reports of its trial and use for 
almost every surgical infection. Erysipelas, 
puerperal fever, gas gangrene, gonorrhea, 
all seem to yield to this prince of drugs. 
BohIman reported its use in gas gangrene 
resulting from compound fractures in 
July, 1937. 

I first came across the miracle worker 
personally when the son of close friends of 
mine cracked up in a plane, and in thirty- 
six hours had a fulminating gas bacillus 
infection in a terrible compound tibia and 
fibula fracture, in addition to many other 
injuries. While I was urging amputation as 
an immediate necessity on the surgeon in 
charge, a medical colleague begged for a 
twenty-four hour trial of prontosil, as it 
was then called, and I reluctantly gave in. 
Conviction and conversion followed. 

From this case in which the drug suc- 
ceeded in controlling an established viru- 
lent mixed streptococcus and gas infection, 
it was but a simple and rational step to 
think of using it for prevention. So, after 
discussing the toxicity of the drug with 
Drs. Long and Bliss, we felt more than 
justified in ordering its routine use as a 
prophylactic in all cases of serious com- 
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Therap 
rior to Ime o erapy 
Date and Acci-| Compound Frac- Other Injuries Admis- | Initial Surgical Procedure ALTS., 
dent tures sion, Dose Per- 
Hours fringens 
F. 2/6/38 Left tibia and fibula | Fractured spine, con- 3 30 hours| Debridement, splint- |1 500-4000 
23 years Airplane crash cussion. _ Fractured ing 500 C.c. 
ankle, right; frac- blood 
tured tibia, right. 
Multiple lacerations. 
2 tN. S. 10/10/38 Comminuted _ left | Lacerations 2 3 hours| Debridement, reduc- |1500-4000 
17 years Struck by auto| tibia and fibula tion, cast 
12/6/38 Comminuted left | Multiple fractures of 16 6 hours| Splinting, transfusion | 1500-4000 
65 years Struck by auto} femur Boula’ left tibia and of 500 c.c. 
bula. Bladder in- 
jury. 
4. aR. 10/21/38 Left tibia Right tibia I 1 hour | Debridement, reduc- |1500-4000 
46 years Struck i auto tion, cast 
5. D. M.S. 1/18/38 I 10 days | Toilet, reduction 1500-4000 
7 years Struck by auto | Left femur 
6, A. 9/38 Right tibia Left fibula. Concus- 2 4 hours| Toilet, splinting 1500-4000 
61 years Struc , auto sion 
Fo Bt Pe 4/24/39 Left tibia and fibula | None I 3 hours| Toilet, splinting 1500-4000 
22 years Struck by auto 
8. H. A. 11/7/38 Left tibia and fibula.) Right intertrochan- 2 4 hours} Debridement, splint- | 1500-4000 
62 years Struck by auto| Right tibia teric fracture. Head ing, transfusion 
injury. 
9. R. B. 5/22/38 Right tibia and fib- | None I 4hours| Toilet, reduction, |1500 
31 years Motorcycle ac-} ula splinting 
cident : 
10. W.G 8/23/38 Right tibia and fib- | None I 3 hours ee reduction, de- |1500—4000 
7 years Struck by auto| ula bridement, closure 
11. I. B. 12/25/38 Left tibia and fibula | None 12 15 hours} Debridement, closed | 1500-4000 
17 years Auto accident reduction 
12. F. K. Palincad i Right tibia and fib- | None I 30 hours} Debridement 1500-4000 
21 years Motorcycle ac-| ula 
cident 
13.4458. 9/9/38 Humerus and elbow| None I 24 hours} Closed reduction, toi- | 1500-4000 
4 years Fall let 
14; 29/38 Left femur None I 2 hours} Closed reduction, toi- | 1500-4000 
5 years Struck by auto let 
15. H.L. 4/20/38 Right tibia Left tibia and knee I 3 hours} Debridement, closed | 1500-4000 
459 years Seek by auto joint reduction 
16. 3: E. 11/28/37 Left tibia Muscle tears I 24 hours} Debridement, open |1500—4000 
19 years Struck by Tenkes reduction 
17. M. D. 8/6/37 Right Pott’s frac-| None I 4days | Toilet, closed reduc- |1500—4000 
37 years Fall ture tion 
18. D. H. Deiat Right humerus None I 3 hours} Toilet, closed reduc- |1500—4000 
45 years tion 
F.C. Right radius and | Right ulna, soft tissue I 2 hours| Toilet, closed reduc- |1500—4000 
19 years Caught in ma-| ulna tion 
chinery 
20. L. B. 12/14/37 Right tibia and fib-| Right femur, lacer- I 3 days | Debridement 1500-4000 
40 years Struck by auto! ula ations 
21. M.M. 3/21/38 Right tibia and fib- | Laceration, head in- I 2 hours} Debridement, p 1 n/|1500—4000 
17 years Auto accident | ula jury traction 
22. J.C. 4/19/38 Right tibsa and fib-| I 3 hours| Debridement, closed |1 500-4000 
5 years Struck by auto] ula reduction 
23: GoW. 6/6/38 Right tibia and fib- | Laceration I 2 hours| Debridement, closed |1 500-4000 
40 years Struck by auto| ula reduction 
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Cultures Complications Result Discussion 
> 
Hours Days 
80 gr. | No record | 30 gm. | B. welchii, hemo- | Extreme shock 169 Excellent despite fulmi- | Sulfanilamide undoubt- 
200 gm. in lytic — strepto- nating gas gangrene| edly saved this leg and 
next 48 cocci, saprophy- and multiple other in-| also probably saved 
hours tic juries. Long hospitaliza-| life. 
tion not due to com- 
ead and spine injuries. 

20 gr. No record | 300 gr. | Hemolytic, sta-| None 20 Excellent. Union in three} No a. infection, 
hylococcus al- months. though skin and fascia 
us, B. subtilis area became infected by 

cus and subtilis. 

20 gr. No record | 320 gr. | Staphylococcus | Myocardial fail- 14 Died of myocardial fail- | Sulfanilamide _ effective 

40 gr. aureus, B. coli ure, shock. ure and urinary comp.| as 9 yen infection of 

daily Not associated with| leg, but patient died of 

compound fracture. other complications. 

20 gr. None 240 gr. | None None 22 No infection. Delayed | No infection. Delayed 

union. P union due to faulty co- 
operation. 

10 gr. None 100 gr. | Hemolytic strep- | Abscesses, erosion 204 Healed eventually. Sulfanilamide not given 

tococcus left femoral ar- promasneeany and 
tery; numerous emolytic streptococ- 
secondary hem- cus infection barely 
orrhages, liga- controlled eventually. 
tion femoral ar- Patient almost died. 
tery. 

10 gr. None 270 gr. | None None 32 Good healing. Wound clean. 

20 gr. None 180 gr. | None None 18 Good healing. Wound clean. 

60 gr. | None 190 gr. | None None 58 Good healing. Wounds clean. Consider 

this case almost mirac- 
— in preventing in- 
ection. 

10 c.c._ | None 300 gr. | None None II Healed—clean. No evidence of infec- 

prontosil tion in wound. No cul- 
tures. 
4 gr. None 160 gr. | None None 7 Healed. No infection. 
80 gr. None 300 gr. | None None 10 Healed. No infection. 
80 gr. 4 mg. 320 gr. | B. welchii, strep- | Gas gangrene 14 Amputation. Infection fulminating. 
per cent be sapro- Required amputation. 
phytic 


20 gr. 


None 


No infection. 


30 gr. 


None 


Anemia, cyanosis 


No infection 


Long hospitalization due 
to fracture both legs 
and bad home condition. 


40 gr. 


B. welchii 


Temperature 
102-24 hours, 
acute gas infec- 
tion 


Infection—Recovery. 


Delay in use of sulfani- 
lamide allowed start of 
as bacillus infection 
espite prophylactic 
serum. 


q- 


8.2 mg. 2 
days after 
start 


B. welchii, pro- 
teus, coli, anae- 
robic 


Temperature 
102.4 Mm 24 
hours, acute in- 
fection 


Infection—Virulent gas 
and mixed. 


Delay in use of sulfani- 
lamide allowed another 
gas bacillus infection to 
get started, but then 
checked it without loss 
of limb. 


None 


No infection. 


Hemolytic sta- 
al- 
us(?) 


Required open re- 
uctriona— 


9/12/38. 


Delayed union. 


Infection effectively con- 
trolled. 


None 


Lues, psychosis 


Prolonged wound infec- 
tion. 


Not enough sulfanila- 
mide given to be effec- 
tive. 


None 


Gonorrhea 


Non-union. 


Effective in preventing 
infection. raumatic 
psychosis a factor is 
non union. 


Excellent. 


Large area skin slough 
required long hospitali- 
zation. No infection. 


Excellent. 


No infection. 


- 

4 
mum None 280 gr. | 105 
2 6.3 mg. 
60 gr. | None 220 gr. | 16 
= 
Bo gr. |108 mg. | 650 ar. | > 
Qg.2 mg. 

20 gr. | | None None 30 
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pound fractures on our services, and we 
have had no reason to regret it. The only 
destructive operation due to infection 
since the use of sulfanilamide routinely is 
in its self a triumph for the drug, for it 
occurred in the only case which, through 
human fallibility, failed to receive any 
medication for thirty-six hours after ad- 
mission. Even in amputating that leg I 
was in bad repute with the medical staff, 
who would have had me preserve an en- 
tirely necrotic leg to prove they could have 
saved the patient anyhow. 

Our fracture service at Johns Hopkins 
Hospital is not a very large one and we 
shared it with the surgical staff, but when 
we checked up on the compound fractures, 
recent enough to be treated with sulfanila- 
mide, we were surprised to find so few. Per- 
haps the worry and trouble they give us 
serves to multiply them in our memories. 

Dr. Hammond of the Emergency Hos- 
pital, Easton, Maryland, who has an active 
and excellent fracture service in that rural 
community, has codperated with me in 
using similar prophylactic measures and 
allows me to include his series, from which 
I draw an illustrative case. 

While the four cases I have selected for 
individual citation seem to me to point the 
real moral, let me briefly summarize the 
whole group of cases treated so far. 

A total of thirty-six very severe con- 
taminated compound fractures have been 
treated with sulfanilamide. Many of these 
patients had other serious injuries as well. 
Ten had gross infection in the wounds, five 
with B. welchii and five with hemolytic 
streptococci on smear or culture; others 
with staphylococci, B. coli and saprophytic 
organisms as well. There was one ampu- 
tation, as noted earlier. There was one 
death in an uninfected case from compli- 
cations arising from a fractured pelvis and 
myocardial failure. In the only four patients 
who became seriously infected, the drug 
had been used too late (after twenty-four 
hours, thirty hours, four days and ten days) 
to be of prophylactic value, though it 
proved to be of great curative value in three. 
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In Dr. Hammond’s group of thirteen 
cases, where the drug was given prophy- 
Jactically under his personal supervision, 
only one case became locally infected 
without any spread of infection and all 
others healed by first intention. 

Our method of using sulfanilamide for 
is as follows: 

. No omission or modification of thor- 
eal surgical toilet of the wound and 
debridement of necrotic tissue is to be 
countenanced. 

2. Early and adequate reduction and 
splinting of the fracture are as important 
as ever. 

3. Antitetanus serum with or without 
supplemental sera is to be given. 

4. A large initial dose of sulfanilamide— 
60 to 80 gr.—with equal quantity of 
sodium bicarbonate is to be given as soon 
as possible. Oral administration is pre- 
ferred, otherwise hypodermoclysis or stom- 
ach tube in anesthetized patients after 
lavage, is used. 

5. Subsequent doses are of 10-20 gr. 
every four hours, given with soda bicar- 
bonate, for three to ten days. 

6. A daily check is made by Marshall 
colorimetric test of blood sulfanilamide 
level to assure maintenance of effective 
level at the lowest dosage. A level of 5 to 
8 mg. per 100 c. c. is sufficient for prophy- 
lactic effect. 

7. Quicker absorption is obtained in 
initial dose from crushed rather than whole 
commercial tablets. The tablets can be 
chewed or given powdered in capsules or in 
suspension by stomach tube. 


CONCLUSIONS 


1. Chemotherapy compliments but does 
not replace in any way sound and necessary 
surgical procedures in compound fractures. 

2. Sulfanilamide when used under proper 
control is a safe and effective drug for pre- 
vention of streptococcus and gas bacillus 
infections in compound fractures. 

3. Failures observed in consultation 
have been due to inadequate dosage or 
improper administration with failure to 
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raise the blood concentration to effective 
level. 

4. Sulfanilamide is as essential to the 
proper modern care of compound fractures 
as antitetanus serum, and is without ap- 
preciable danger. 

5. It should also be used preoperatively 
and postoperatively in late plastic oper- 
ations on old, ununited fractures which 
have been the site of infection. 

6. Sulfanilamide is a necessary addition 
to the established essentials of fracture 
treatment: splinting, surgery, serum and 
sulfanilamide. 


CASE REPORTS 


Caser. G. B. F., 23 years of age, was seen 
February 6, 1938 because of a severe compound 
comminuted fracture of the left tibia and 
fibula, with skin destruction and much soft 
part damage, severe cerebral concussion, a 
crush fracture of the second lumbar vertebra, 
a Pott’s fracture of the right ankle. He was in 
extreme shock, and suffered from hemorrhage 
and multiple lacerations. 

Immediate toilet and debridement of the left 
tibia and fibula were followed by splinting and 
transfusion. Antitetanus and perfringens sera 
were given. 

A fulminating B. welchit and mixed strepto- 
coccus and saprophytic infection of the left leg 
developed on the following day. Open reduction 
of the fracture was undertaken, with further 
removal of. bone fragments and necrotic soft 
tissue. On February 8, prontosil was given by 
hypodermoclysis in three doses of 5, 3, and 
3 Gm. Two additional doses of 2.5 Gm. each 
were administered the following day. Then, 
from February 10 to 14, prontylin (the oral 
form), 0.25 Gm., was given every four hours. 
Culture was still positive for B. welchii on 
February 14, but the wound appeared clean 
and was granulating healthily. 

The further course was complicated by the 
head and spine injuries and by a phlebitis which 
followed the abrasion and infection of the right 
ankle. However, the compound wound con- 
tinued to be clean and healed astonishingly well 
without further bone or soft tissue necrosis. 

Case. F. K., 21 years of age, had a com- 
pound fracture of the right tibia and fibula, 
resulting from a fall from a motorcycle on 
December 25, 1938. After x-ray and splinting 
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which were carried out immediately, and the 
administration of 1500 units of antitetanus 
serum and 4000 units of perfringens serum, 
operation was done. After toilet and careful 
debridement, the wound was closed and Stein- 
mann pins and Zimmer traction were applied. 
Glucose was given, but no sulfanilamide, be- 
cause a substitute intern did not understand 
the routine. 

On December 27, fulminating gas gangrene 
had caused necrosis of the leg from the calf 
down. Mid-thigh amputation was done and 
during the next thirty-six hours 8 Gm. of 
sulfanilamide were given. Three blood trans- 
fusions were administered in the same period. 
The blood sulfanilamide on the following day 
was 4 mg. per cent. The amputation wound was 
clean and the patient afebrile. On January 7, 
1939 he was discharged to the United States 
Army Hospital. 

Case 11. M. H., 18 years old, fell from a 
horse on November 1, 1937, sustaining a com- 
pound fracture of the tibia and fibula. The tibia 
pierced the boot and stuck 114 inches into the 
soil. 

Sulfanilamide was given prophylactically on 
admission. Toilet, debridement and reduction 
were carried out and the limb was put up in a 
Thomas splint with pin traction. Positive 
smears and cultures for B. welchii were obtained 
the following day. The wound looked dirty and 
there was further sloughing of skin and exposed 
soft tissue, although no deep extension of infec- 
tion was noted. The patient was practically 
afebrile. On November 4, there was further 
removal of loose bone fragments. Sulfanilamide 
was continued. By November 18, the wound 
was granulating, the skin edges could be drawn 
together with S.W.G. sutures to cover the 
large, soft tissue and bone defect. On Decem- 
ber 20, the patient was discharged, with the leg 
in a windowed cast. 

He was readmitted because of nonunion of 
the tibia on November 6, 1938. A plastic oper- 
ation was done on the scar to improve the site 
for a ater bone graft. In the healed scar, at a 
depth of 1.5 cm., a buried heavy S.W.G. suture 
was found, together with several small bone 
fragments and granulation tissue. Sulfanilamide 
was given postoperatively. Healing occurred by 
first intention. 

On January 20, 1939 the patient was again 
admitted for bone grafting. Sulfanilamide was 
given prophylactically (1 gr.) and a sliding bone 
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graft was done. The drug was continued post- 
operatively in doses of 15, 10 and 5 gr. three 
times daily for three days. The patient was dis- 
charged February 11, 1939. The wound healed 
soundly without infection, despite the forma- 
tion of a sterile hematoma in the scar. 

Case Iv. H. A., 62 years old, was hit by an 
auto at 10 p.m. on November 17, 1938, sustain- 
ing a compound comminuted fracture of the 
left tibia and fibula, a comminuted intertro- 
chanteric fracture of the right hip and a com- 
pound fracture of the right tibia. At 1 A.M. 
toilet, debridement and reduction of the left leg 
were done, followed by the application of a 
cast. Kirschner wire traction was used for the 
right hip. The right femur was splinted. Trans- 
fusion, antitetanus and perfringens sera were 
given. Prontosil, gr. 60, was administered, fol- 
lowed by prontylin, gr. 10, every four hours 
day and night for the next three days. 

The wounds healed without infection despite 
the extreme contamination and extensive soft 
tissue damage. On January 13, 1939 the patient 
was discharged, with his right hip in a spica 
and the left leg in a cast. 


EASTON HOSPITAL CASES 


Case 1. (November 1, 1937.) Compound 
fracture of tibia and fibula. Tibia stuck through 
boot and imbedded in soil. Drug administered 
on admission. Positive smears and cultures for 
Welch bacilli in twenty-four hours, but no 
extension above fractured site. 

Case u1. (November 18, 1937.) Gunshot 
wound. Compound fractures of metacarpals. 
Drug administered on admission. No infection; 
healed rapidly. Good result. 

Case 11. (December 13, 1937.) Compound 
comminuted fractures of both tibia and fibula. 
Fragments projecting through clothing. In con- 
tact with street. Many small particles of debris 
from road clinging to bone. Drug administered 
on admission; wound closed. No drains. Stein- 
mann pins above and below fractures. No 
infection. Result good. 

Case tv. (December 13, 1937.) Compound 
fracture of femur, result of gunshot wound. 
Drug administered on admission. Wound healed 
by first intention. Result good. 

Case v. (January 28, 1938.) Gunshot 
wound of elbow. Drug administered on admis- 


Johnson—Chemotherapy 


JULY, 1940 


sion. Healed promptly with no osteomyelitis. 
Elbow motion limited to about 75 per cent 
normal. 

Case vi. (April 17, 1938.) Compound frac- 
tures of tibia and fibula with extensive trauma 
to the soft tissues. Hit by automobile which was 
traveling at excessive speed. Fractured surfaces 
In contact with road. Wound closed without 
drains. Drug administered on admission. Healed 
by first intention. No osteomyelitis. Steinmann 
pins above and below fractures. 

Case vu. (May 18, 1938.) Compound frac- 
ture of tibia and fibula. Bones were in contact 
with farm soil. Drug administered on admis- 
sion. Wound closed and healed without infec- 
tion. Result good. 

Case vill. (August 2, 1938.) Compound 
fracture of radius and ulna. Farm injury. Drug 
administered on admission. Wound closed and 
healed without infection. Result good. 

Case 1x. (September 7, 1938.) Compound 
fracture tibia and fibula. Waterman. No known 
contact with soil, but extensive soft tissue 
trauma. Wound closed. Healed without drain- 
age. Drug administered on admission. Union 
not strong enough for weight bearing until five 
months after injury. Result good. 

Case x. (September 18, 1938.) Compound 
fracture of elbow with severe comminution and 
soft tissue injury requiring much more than 
the usual debridement before closing the wound. 
Drug administered on admission. Wound 
healed: without infection, but the elbow has a 
limited motion due to the destruction of all the 
articular surfaces. 

Case x1. (November 25, 1938.) Compound 
comminuted fracture of tibia and fibula. High- 
way injury. Wound closed without drainage. 
Drug administered on admission. Wound 
healed by first intention. Result good. 

Case xu. (March 18, 1939.) Compound 
fracture of tibia, resulting from gunshot wound. 
Drug administered on admission. Healing by 
first intention. Result good. 

Case (April 5, 1939.) Compound 
comminuted metatarsals. Farm injury, foot run 
over by tractor wheel with foot imbedded in the 
soil. Drug administered on admission. No gas 
infection. Considerable sloughing of soft tissue. 
Still under treatment. Now healed. 
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Sh-h-h-h 


The patient is sound asleep, thanks to DIAL*, ‘‘Ciba’’, and 
he will have a clear-headed awakening. Effective in smaller 
doses than barbital, Dial, (diallylbarbituric acid) is indi- 
cated in nervous insomnia, mental and traumatic agita- 
tion, relief of narcotic withdrawal symptoms, etc. 


CLINICAL OBSTETRICAL NOTE— 


Dial with Urethane has been employed in 1200 patients during the first 
stage of labor. Safe, effective analgesia resulted; no narcosis to infant; 
no loss of uterine contraction efficiency. Duration of labor decreased. 
(Van Del, D. T., JL. MISSOURI STATE MED. ASSOC., March 1938.) 


*Trade Mark Reg. U. S. Pat. Off. Word “‘Dial’’ identifies the product as 
diallylbarbituric acid of Ciba’s manufacture. 


Dial **Ciba’”’ 
GN TABLETS - ELIXIR - POWDER - AMPULES 
Literature Upon Request 


CIBA PHARMACEUTICAL PRODUCTS INC. Summit, N. J. 


In Answering Advertisements please mention The American Journal of Surgery 


SOCIETY MEETINGS 


AMERICAN ACADEMY OF ORTHOPAEDIC SURGEONS 
Boston, January 21-25, 1940. (Secy.—Dr. Cart University Hospital, Ann Arbor, .Mich.) 


AMERICAN ASSOCIATION FOR THE STUDY OF GOITER 
Rochester, Minn., April 15-17, 1940. (Secy.—Dr. W. Brain Mosser, Kane, Penna.) 


AMERICAN ASSOCIATION FOR THE SURGERY OF TRAUMA 
Atlantic City, June 7-8, 1940. (Secy.—Dr. Ratpu G. Carotuers, 409 Broadway, Cincinnati) 


AMERICAN ASSOCIATION OF GENITO-URINARY SURGEONS 
Skytop, Penna., June 20-22, 1940. (Secy.—Dr. Cuarzes C. Hiccis, 2020 East 93rd Street, Cleveland) 


AMERICAN ASSOCIATION OF INDUSTRIAL PHYSICIANS AND SURGEONS 
New York, June 4-7, 1940. (Secy.—Armour G. Park, 540 N. Michigan Ave., Chicago) 


a ASSOCIATION OF OBSTETRICIANS, GYNECOLOGISTS AND ABDOMINAL 
SURGEONS 

Excelsior Springs, Mo., September 19-21, 1940. (Secy.—Dnr. James R. Bross, 418—11th St., Huntington, W. Va. 
AMERICAN ASSOCIATION OF RAILWAY SURGEONS 

Chicago, September 16-18, 1940. (Secy.—Dr. D. B. Moss, 547 W. Jackson Blvd., Chicago) 


AMERICAN COLLEGE OF SURGEONS 
Chicago, October 21-25, 1940. (Secy.—Dr. Freperic A. Bestey, 215 N. Sheridan Rd., Waukegan, III.) 


AMERICAN CONGRESS OF PHYSICAL THERAPY 
Cleveland, September 2-6, 1940. (Secy.—Dr. Ricuarp Kovacs, 2 East 88th Street, New York) 


AMERICAN GYNECOLOGICAL SOCIETY 
New York, June 17-19, 1940. (Secy.—Dr. RicHarp W. TeLinpe, 11 East Chase St., Baltimore) 


AMERICAN MEDICAL ASSOCIATION 
New York, June 10-14, 1940. (Secy.—Dr. Oty West, 535 N. Dearborn Street, Chicago) 


AMERICAN ORTHOPAEDIC ASSOCIATION 
Kansas City, May 6-9, 1940. (Secy.—Dr. Ratpu K. GHormtey, The Mayo Clinic, Rochester, Minn.) 


AMERICAN PROCTOLOGIC SOCIETY 
Richmond, June 9-11, 1940. (Secy.—Dr. Currtice Rosser, 710 Medical Arts Bldg., Dallas) 


THE AMERICAN SOCIETY OF ANESTHETISTS, Inc. 
New York, April 10, 1940. (Secy.—Dr. Paut M. Woon, 745 Fifth Avenue, New York) 


AMERICAN SURGICAL ASSOCIATION 
St. Louis, May 1-3, 1940. (Secy.—Dr. Cuarzes G. Mixter, 319 Longwood Avenue, Boston) 


ASSOCIATION OF MILITARY SURGEONS OF THE U. S. 
Cleveland, October, 10-12, 1940. (Secy.—Dr. H. L. Gucurist, Army Medical Museum, Washington, D. C.) 


CONGRESS OF ANESTHETISTS 
Chicago, October 21-25, 1940. (Secy.—Dnr. E. Kraus, 1699 W. 25th Street, Cleveland) 


INTERNATIONAL COLLEGE OF SURGEONS 
Venice, Fla., February 11-14, 1940. (Secy.—Dr. Cuartes H. Arnoip, 903-15 Terminal Bldg., Lincoln, Nebr.) 


INTERSTATE POST-GRADUATE MEDICAL ASSOCIATION OF NORTH AMERICA 
Cleveland, October 14-18, 1940. (Secy.—Dr. Tom B. Turocxmorton, 406 Sixth Avenue, Des Moines) 


NEW ENGLAND SURGICAL SOCIETY 
Poland Spring, Me., September 27—28, 1940. (Secy.—Dnr. Joun F. Gitz, Hanover, New Hampshire) 


PACIFIC COAST SOCIETY OF OBSTETRICS AND GYNECOLOGY 
San Francisco, November 6—9, 1940. (Secy.—Dr. T. Froyp Bett, 400—29th Street, Oakland, Calif.) 


PACIFIC COAST SURGICAL ASSOCIATION 
Portland, April 3-6, 1940. (Secy.—Dr. H. Grenn Bett, University of California Hospital, San Francisco) 


PAN-PACIFIC SURGICAL ASSOCIATION 
Honolulu, 1942. (Secy.—Dr. Forrest J. Pivxerton, Young Bldg., Honolulu) 


SOUTHEASTERN SURGICAL CONGRESS 
Birmingham, March 11—13, 1940. (Secy.—Dr. B. T. Beastey, 701 Hurt Bldg., Atlanta) 


SOUTHERN SURGICAL ASSOCIATION 
Hot Springs, Va., December 10-12, 1940. (Secy.—Dr. Atton Ocusner, 1430 Tulane Avenue, New Orleans 


WESTERN SURGICAL ASSOCIATION 
Topeka, Kans., December 6-7, 1940. (Secy.—Dr. Atsert H. Montcomery, 122 S. Michigan Blvd., Chicago) 
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COOK COUNTY 
GRADUATE SCHOOL OF MEDICINE 


(In affiliation with COOK COUNTY HOSPITAL) 
Incorporated not for profit 


Announces continuous courses 


SURGERY—Two weeks Intensive Course in Surgical 
Technique with practice on living tissue every 
two weeks. General Courses One, Two, Three and 
Six Months; Clinical Courses; Special Courses. 

MEDICINE—Two Weeks Intensive Course starting 
October 7th. Two Weeks Gastro-Enterology start- 
ing October 21st. One Month Course Electro- 
cardiography and Heart Disease every month. Two 
Weeks Intensive Course Electrocardiography and 
Heart Disease starting August 5th. Four Weeks 
Intensive Course in Cardio-Vascular-Renal Dis- 
eases, Nervous Diseases, Diseases of Lungs, Pleura, 
Pericardium and Gastro-Intestinal Tract starting 
August 5th. 

OBSTETRICS—T wo Weeks Intensive Course starting 
October 21st. Informal Course every week. 


FRACTURES & TRAUMATIC SURGERY—Ten 
Day Intensive Course starting September 23rd. 
Informal Course every week. 

GYNECOLOGY—Two Weeks Intensive Course 
starting October 7th. Four Weeks Personal Course 
starting August 26th. 

OTOLARYNGOLOGY—Two Weeks Intensive 
Course starting September 9th. Informal and 
Personal Courses every week. 

OPHTHALMOLOGY—Two Weeks Intensive Course 
starting September 23rd. Informal Course every 
week. 

ROENTGENOLOGY~—Special Courses X-Ray Inter- 
pretation, Fluoroscopy, Deep X-Ray Therapy 
every week. 


GENERAL, INTENSIVE AND SPECIAL COURSES IN ALL BRANCHES OF MEDICINE, 
SURGERY AND THE SPECIALTIES 


Teaching Faculty— Attending Staff of 
COOK COUNTY HOSPITAL 


Address: Registrar, 427 South Honore Street, Chicago, Illinois 


THE NEW YORK POLYCLINIC 


MEDICAL SCHOOL AND HOSPITAL 


(ORGANIZED 1881) 
(The Pioneer Post-Graduate Medical Institution in America) 


EYE, EAR, NOSE 


and 


THROAT 


ANESTHESIA 


Regional and spinal (cadaver), with dem- 
onstrations in the clinics of caudal, spinal, 
nerve and field block, covering surgery in 
Urology, Gynecology and General Sur- 
gery. Anesthesia in general, with lectures 
and demonstrations. 


FOR INFORMATION ADDRESS 
MEDICAL EXECUTIVE OFFICER, 345 West 50th Street, NEW YORK CITY 


In Answering Advertisements please mention The American Journal of Surgery 
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DOUBLE LUMEN TUBES FOR 
SMALL INTESTINAL INTUBATION 


AS USED BY T. GRIER MILLER, M. D. and W. OSLER ABBOTT, M. D. 


This double channel tube principle is used for three 
special purposes. First, for treating and diagnosing 
obstructive lesions of small intestines; second, for con- 
trolling patient with intestinal obstruction by enabling 
him to feed yet to draw off residue above point of block- 
age; third, for use after gastro-enterostomy. 

The lumen used for suction may also be used for 
the injection of barium sulphate suspension in making 
roentgenological studies of small intestinal lesions. 


_ 
Circular describing the above Instrument sent on request. 


P9140—Miller-Abbott double lumentube. .- - « © «© «© « « « « $7.50 


DOUBLE BARRELLED GASTRO-ENTEROSTOMY TUBE - Abbott-Rawson 

“Double Barrelled Gastro-Enterostomy Tube (Abbott- 
Rawson) P9148 is designed for the post operative care of 
malnourished patients subjected to any form of operative 
B procedure anastomosing the stomach to the small intestine. 
The tube is so constructed that a single lumened section 
leads up from the “ bucket”’ (bucket is of sterling silver) at 
the tip for 30 cm. at this point. A second and larger lumen 


PILLING-PHILA. 


——.. 


continues throughout the remaining length of 
e tube. 
Described in the Journal of the American Medical Association, June 10, 1939. Price................0-00eeeeee $6.50 
ESOPHAGOSCOPY 
LARYNGOSCOPY 
GASTROSCOPY 
TRACHEOTOMY CHEVALIER JACKSON CORRECT MODELS 
Children’s Hospita t ta t 
Catalog on request Emergency Hospital Set. Emergency Tracheotomy 


Arch and PRL LING 


Actual Practice in Surgical Technique 


CHICAGO POST-GRADUATE 
SCHOOL OF SURGERY 


(Formerly—Laboratory of Surgical Technique) 


Incorporated not for profit 
Near Cook County Hospital 


1. Two-Weeks Surgical Technique Course: 
rotary course continued throughout the year. 
Combines Clinical Teaching and ACTUAL 
PRACTICE BY THE STUDENTS under 
competent supervision. A review of the nec- 
essary Surgical Anatomy is embraced in the 
work. 

General Surgery: One to Three Months 


2 
Course design for students who wish to 


review more thoroughly Anatomy, Surgical 


Method of Holding Connel Stitch. From. ‘ : re 
Principles of Fatholoay. Surgical Technique, and Clinical 
by A. V. Partipilo, M. D. ary. 


3. Special instruction and practice in the tech- 
nique of one or more operations is available 


Special Courses— to surgeons who wish to review the Anatomy 
Urology . Cystoscopy . Orthopedic Surgery . and Technique of certain operations. 
Thoracic Surgery . Surgical Pathology . Labora- Personal Instruction-Actual Practice. Op- 
tory Diagnosis and Technique . Bronchoscopy . erating Rooms, Equipment and Method 
Eye, Ear, Nose, and Throat . Goiter Surgery . of Teaching Ideal and Unsurpassed. For 
Gynecology . Surgical Anatomy . Proctology information as to Courses, Fees, Regis- 
Visitors always welcome tration Requirements, Etc., address 


A. Vv. PARTIPILO, M. D., F.A.C.S., Director e 1950 Ss. Ogden Ave., Chicago, Til. . Phone Haymarket 7044 
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HASLAM 


Master Craftsmen for over 90 years 


EST. 1848 


FRED HASLAM @& CO., INC. 


83 PULASKI STREET BROOKLYN, N. Y. 


Trade 


Babcock-Tendler’s 


y Intestinal Tissue 
A (Viscera) Forceps 


designed by Mark 


MortTon J. TENDLER, M.D. 
MEMPHIS, TENN. 


ADVANTAGES 
The ‘“Babcock-Tendler”’ Forceps 
can bring up a deep lying appendix 
with minimum of trauma, so important in suppurative and gangrenous 
appendicitis. The long ratchet allows grasping without crushing of an 
involved meso-appendix. 
In exploring small and large intestine, sponges or cotton gloves are not 
required, nor rough handling to quickly inspect the entire intestinal 
tract. 
Prevent twisting and trauma of the cord when used to retract the 
spermatic cord in inquinal hernia. 
Very useful in traction upon the ureter in exploring and operating for stone in the ureter or com- 
mon duct. 
B-625 Small pattern, very delicate, 7-}4’’ long, box lock $7.20 
B-626 Large pattern, very delicate, 7-14’ long, box lock $7.20 


KNY-SCHEERER CORPORATION, 21-09 BORDEN AVE., LONG ISLAND CITY, N. Y. 
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A cleansing, stimulating mouth- 
Helps promote healing. 


wash. 


Patients gladly use it 


Coming 
SYMPOSIUM 
Office and Minor Surgery 


Hospital Procedures 
350 Pages 


. $4.00 per copy 


65 Articles 
December Number 


49 WEST 45TH STREET NEW YORK, N. Y. 
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ny sizes for utmost economy. Th 
of Lipiodol, st 


g presents the man s of Lig 
/ willl be sent to physici I technicians on Tequest. | 


UGERA & CO., IN 
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radiopaque areas. Producing dense shadows, it accurately 
; ectin bold delineation from surrounding 
the cavity under examination, effecting hemical com- 
Li todo] contains cent elemental iodine in firm chemica 
py seed oil. Nonirritating and nontoxic, it has been instilled 
| bination with poppy seed oil. Nonirritat organism. Available 
cavity and hollow viscus of the human organism. Availak 
into virtually every cavity and hollo snographic 
“VARICK CTREE" NEW RE: 
| C. * 75 VARICK STREET, NEW YORI 
ak 
 (Lefay) 


@ When you prescribe a vaginal jelly for use 
as a spermicide, you require assurance that it 
is rapidly spermicidal. Ortho-Gynol is rap- 
idly spermicidal. Our standard test for the 
spermicidal time of Ortho-Gynol is, we 
think, as severe a trial as can be devised, in 
the light of present-day scientific knowl- 


COPYRIGHT 1940, ORTHO PRODUCTS, INC, 


edge. Yet the test is so simple that it can be 
made by any physician in his office. We have 
prepared a detailed description of the test 
which we shall be glad to send you. Please 


request it on your professional stationery. 


MADE AND SOLD BY 


ORTHO PRODUCTS, 
LINDEN, NEW JERSEY 


INC. 


(4 
1 
t 


..Petrolagar 


Vacations mean a change of diet, water, exercise. 
Daily routine is altered and bowel Habit Time inter- 
rupted. This combination of circumstances tends to 
have a constipating effect. 

Instead of quick acting harsh catharsis, the gentle 
softening action of Petrolagar promotes motility and 
encourages a regular, comfortably passed stool. 

Petrolagar is miscible with liquids. It may be 
given orally or in an enema fo assist in the restora- 
tion of a regular Habit Time of Bowel Movement. 


Petrolagar . . . liquid petrolatum 65 cc. emulsified 
with 0.4 Gm, agar in a menstruum to make 100 cc. 


Ste 
Petrolagar Laboratories, Inc. « .8134 McCormick Boulevard + Chicago, Illinois 
: i iserr ion The American J al of Surgery 
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High germicidal propartiés ‘and nies reserve capacity make 
Mercresin widely applicable whenever an antiseptic is needed. 
Gram-positive and gram-negative skin bacteria are. quickly 
destroyed; Staphylococeus aureus is killed almost instantly. 
Mercresin may be diluted with as much as 15 volumes of water 
without losing its germicidal power against the standard test 
organism, Staphylococcus aureus; the presence of sodium chlo- 
ride or serum. reduces but does-not destroy its activity. 
soMereresin presents many advantages in preopérative skin 
preparations Since it is appreciably less irritating than. official 
tincture of jodine,’ capillary permeability is not dis-— 
-turbed, henee exticivasation of fluids into surrounding 
tissues is held to te minimum. Greater skin penetration 
results in destruction of pathogenic ificro-organisms in 
the deeper layers + of the skin: 


- Mercresin contains. part to 1000 each of Metcarbolide and 
Pentacresol in a ‘vel: le of 50% alcohol, 10% acetone, and 
40% water. Availabh ‘in 4 ounce, 16 ounce, and gallon bottles 
in two forms, Tincture . Aereresin (Steinless) and Tincture Mercresin 
(Colored Solution). The. orange dye fades from the skin in a few 
hours, and is readily removed from sheets by soup and water. 


THE UPJOHN COMPANY 
KALAMAZOO, MICHIGAN 
Makers of Fine Pharmaceuticals Since 1886 
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